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POPULATION BIOLOGY OF STEPPE PLANTS 

L.l. VORONTZOVA and L.B. ZAUGOLNOVA 

ABSTRACT 

Five types of life history are distinguished among herbaceous species 
growing in steppe grasslands in Kazakhstan: they include tussock plants, 
tap-rooted plants of various kinds and long-rhizome herbs. They vary in 
the structure and dynamics of their coenopopulations and in the extent to 
which they are maintained in coenoses by seed or by vegetative growth. An 
understanding of the morphology and ontogenetic development of plants 
in natural coenoses is an indispensible prerequisite for describing their 
coenopopulation characteristics. These in turn reveal how plant com
munities are organised as dynamic systems. 

INTRODUCTION 

The existence of multispecies communities is possible because the species 
of the community are ecologically and biologically unique (Ramenskii 
1925, Golubev 1959, 1970). The demographic characteristics of species 
ensure the segregation of their ecological attributes in time and space 
(Harper 1977, Grubb 1977), so that individual plants use the environment
al resources in a complementary fashion (Ramenskii 1925). Although the 
totality of life history characters of populations is unique in each species, 
a considerable similarity and overlap of several features among different 
species cannot be ruled out. Such differences and similarities allow us to 
differentiate several types of life history attributes (see review by Harper 
1977). These are commonly based on the reproductive biology of species 
and on the division of resources between reproductive and vegetative 
organs. Ramenskii (1938) seems to have been the first to initiate a func
tional typology of plant behaviour and to specify three phytocoenotypes 
known as 'patients', 'violents' and 'explerents'. The contemporary con
cepts of types of plant 'strategy' (Grime 1978), correspond on the whole 
to Ramenskii's ideas. 

Studies of coenopopulations of perennial herbs in different coenoses 
(Smirnova et al. 1976, Uranov et al. 1977) and the review of Iiterature by 
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Rarper (1977) seem to suggest that a behavioural typology of perennial 
herbs is possible. The main characters used for differentiation of various 
types must be relevant to and decisive for the continued existence of a 
species in a coenosis and help to identify and determine its roJe in the 
community. In our opinion, such characters are: 1. The life-form and the 
course of plant ontogenesis; 2. The manner of species self-maintenance in 
a coenosis, that is, the relationship between the type ofvegetative propaga
tion and the frequency of seed reproduction; 3. Duration of ontogenesis; 
4. Intensity of plant mortality during ontogeny. 

In this paper we confine our attention to steppe plants and according to 
the characteristics listed above, we differentiate the following types of life 
history in these plants: (I) tussock plants, (II) tap-rooted perennial plants 
with seed self-maintenance, (III) tap-rooted perennial plants with 'mixed' 
self-maintenance, (IV) tap-rooted plants with a short duration of onto
geny, (V) long-rhizome herbs. 

STEPPE GRASSLANDS 

The steppe environment 

Our material was collected in Naurzum Preserve (North Kazakhstan), 
located in the subzone of dry steppes. The dry steppes ('tussock-grass
lands' of Lavrenko 1954) stretch in latitude from the Black Sea to the 
Baikai Region. They are confined to southern chernozems and chestnut 
soils with a very deep underground water table. The dry steppe region is 
characterized by a continental climate with bot dry summer and cold 
winter. The average annual rainfall is 260-300mm. Although maximum 
precipitation falls in summer, air humidity and soil moisture content 
decrease significantly in this period because of higher temperature and 
evaporation. The dry period faiis between June and September, but in 
some years it is less pronounced. The arid climate is the basic factor 
determining plant characteristics in this zone. In spite of the considerable 
geographical extent and ecological heterogeneity of dry steppes they have 
a nurober of common characteristics: predominance of tussock grasses of 
the genera Stipa, Festuca, Koeleria, Agropyron (Lavrenko 1940); low 
floristic diversity of communities; discontinuous overground plant cover; 
atmospheric water supply; Iack of forests. 

In Naurzum Preserve the investigations were conducted on sandy soils. 
These psammophyte variants of zonal steppes are reported in different 
regions of North Kazakhstan (Karamysheva and Rachkovskaya 1973). 

Vegetation 

Stipa pennata, Festuca beckeri and in places F. valesiaca (subsp. sulcata) 
provide the predominant cover; Koe/eria glauca, K. macrantha, Ph/eum 
ph/eoides occur continuously but in low abundance. Of the various peren
nial herbs, Potentil/a cinerea, Centaurea sibirica, Artemisia campestris, 
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Onosma simp/icissimum occur most continuously. Annual plants are 
limited to Bassia sedoides, Coryspermum hyssopifolium, Polygonum ar
enarium. The number of species reaches 40-44 per 100m2• The total 
projective cover varies from 50% to 80%. The plants were studied in one 
particular phytocoenosis; all individuals of each species in that phytoco
enosis were collectively regarded as a 'coenopopulation'. 

AGE-ST ATE ANALYSIS OF COENOPOPULA TIONS 

Numbers and age structure are the most essential coenopopulation para
meters. The investigation of age structure in perennial herbs is rather 
difficult since the calendar age can be determined in only few cases. In our 
studies we used the concept of age-states developed by T.A. Rabotov and 
other Soviet botanists. Age-states are the successive stages of ontogeny of 
a genetic individual (see Gatsuk et al. 1980 for a review). The individual 
plant is characterized by morphological integrity and it may be of seed or 
vegetative origin. A vegetatively derived individual is given the name 
'particule'. On the basis of morphological characters the following age 
states and corresponding groups of individuals are differentiated (with 
their standardised abbreviation): seeds (se); seedlings (pl); juvenile (j); 
immature (im); virginile (v); reproductive, young (g1), mature (g2), and old 
(g3); subsenile (ss) and senile (s). Jnvestigations of age-state structure must 
be based on a clear understanding of plant morphology, to enable one to 
recognize the individual unit and the changes during its ontogeny. 

The following four systems of 'calculation units' are used for enumer
ing of plants in coenopopulation studies (with the age-state categories in 
brackets), illustrated in Fig. I. 

I Individuals of seed origin during the whole ontogeny; 
II Individuals derived from seeds (j- g1) , compact clones (g2 , g3 , ss) or 

single particules (s). Since a single particule may be considered as a 
residue of a formerly existing clone, this second system of calcu1ation 
units corresponds to the enumeration of genets in Harper's (1977) 
sense; 

III Individuals of seed origin (j--g1), clones (g2), particules within the 
clones (g3 , ss, s) or single particules (s). 

IV 'Partial tufts' or shoots within one or different individuals. A partial 
tuft (Serebryakov 1962) is a duster of shoots with its own roots, 
connected with the same tuft by long rhizomes. Particules and partial 
tufts and shoots seem to correspond to ramets (Harper 1977). 

The different types of calculation units reflect the various degrees of 
shoot concentration in plants of different life-forms. The autonomy of 
shoots and the morphological integrity of the plant as a whole change 
during ontogeny. The shoots may all be concentrated in one place, or they 
may be dispersed in several clusters linked to one another. The centre of 
shoot concentration is regarded as the source of a plant's phytocoenotic 
influence. As a consequence two types of calculation unit are distinguished 
by us, a morphological unit and a phytocoenotic unit. The former corre-
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Fig. 1. Calculation systems used in studies of plant coenopopulations. Two types of units are 
distinguished, phytocoenotic (I) and morphological (2) (see text). I: Both types are coinci
dent during the entire ontogeny and are of seed origin ( genets). II and Ill: The units are 
distinct at later stages of ontogeny; morphological units may remain closely united to give 
a single phytocoenotic uni! (ll) or may fragment to give separate particules, each of which 
becomes an independent phytocoenotic unit (lll). IV: A morphological unit, while retaining 
physical integrity may behave as multiple phytocoenotic units, each consisting of a partial 
tuft (3) or shoot (4). 

sponds to the individual as a morphological and physical entity, the latter 
to the centre of shoot and root concentration. The correlation between 
the two units is different for various life forms and is determined by careful 
mapping and excavation of plants in natural phytocoenoses (Fig. 1). 

System I is used for tap-rooted perennials, systems II and III for tussock 
grasses and species with short-rhizomes and system IV for species with 
long-rhizomes and those with root suckers. 

The total plant number (in terms of calculation units) and the percent
age of calculation units of different age-state groups (age spectra accord
ing to U ranov 1967) are determined usually on small plots (0.25- 1 m2) 

placed by a random-regular method (Vasilevich 1969) within a uniform 
area of a phytocoenosis. In our studies the number of such p1ots ranged 
from 20 to 160 for each species. Most observations were carried out at 
permanent transects (0.5 x 10m2 ) where the positions of plants were 
mapped annually, once a season in June. 
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The seed and fruit numbers of all flowering individuals were estimated 
on permanent I x 10m2 transects. The number of seedlings was deter
mined not less than twice a season on either permanent or nonpermanent 
plots, forming a 0.2 x 10m2 transect. Seedlings are usually not recorded 
in the estimations of age-state spectra because of their ephemeral exist
ence: a great number of seedlings die off in the first months of life, and 
those that survive pass on to the next age-state. 

TYPE I - TUSSOCK PLANTS 

The life history features discussed in this section are typical of: 
(a) firm and loose tussock grasses, for example, Stipa lessingiana, S . 

sareptana, S . pennata, S. rubens, S. capillata, Festuca valesiaca, subsp. 
sulcata, F. beckeri, Cleistogenes squarrosa, Koe/eria macrantha, K. 
glauca, Phleum phleoides, and 

(b) herbs with short-rhizomes, for example, Potentialla cinerea, 
Centaurea sibirica, Arenaria procera. 

The species of Stipa and Festuca are usually the dominants of steppe 
communities. The rest of the grasses are, as a rule, in a subordinate 
position although they may become dominants in some geographical and 
ecological steppe types: for example, there are steppes with predominance 
of Cleistogenes squarrosa in the Transbaikai Region and in Mongolia. In 
the arid steppes herbs with short-rhizomes are, as a rule, only moderately 
abundant, but are permanently present in the community. 

Self-maintenance of coenopopulations of these species is by seed. At a 
certain stage of ontogeny the seedling transforms itself to a clone by 
vegetative propagation. An adult individual of seed origin is a more or less 
compact shoot system with regeneration buds at the base of shoots, and 
each shoot has its own root system. The death of shoots in the centre of 
the individual fragments it into particules. However, the particules are not 
rejuvenated after Separation, as a rule, and ageing processes result in their 
death. This vegetative growth cannot provide prolonged existence of the 
species in a given habitat in the absence of regeneration by seeds, although 
the longevity of seed-derived individuals and of clones in these species may 
be considerable, from 30 to 80 years. More detailed life-history charac
teristics are given separately for the two groups of species. 

Firm-tussock grasses 

Seeds and seedlings 

Steppe tussock grasses are characterised by seed regeneration whose effi
ciency depends on (a) potential and actual seed productivity, (b) seed 
germination capacity, (c) seed bank in the soil and (d) survival of seedlings 
and juvenile plants. 'Potential seed productivity' is defined as the number 
of ovules formed /per plant; 'potential seed yield' is the number of ovules 
per 1 m2• 'Actual seed productivity' is defined as the number of healthy 



-~ 0
0

 

Ta
bl

e 
I .

 P
ot

en
ti

al
 a

nd
 a

ct
ua

l 
se

ed
 y

ie
ld

s 
in

 s
om

e 
fi

rm
-t

us
so

ck
 g

ra
ss

es
 i

n 
th

e 
N

au
rz

um
 P

re
se

rv
e.

 

Sp
ec

ie
s 

Y
ea

r 
o

f 
N

um
be

r 
o

f 
N

um
be

r 
o

f 
%

 C
ar

yo
ps

es
 

Se
ed

 y
ie

ld
 p

er
 1

 m
2 

ob
se

rv
at

io
n 

fl
ow

er
in

g 
re

pr
od

uc
ti

ve
 

pl
an

ts
 

sh
oo

ts
 

H
ea

lt
hy

 
D

am
ag

ed
 

P
un

y 
P

ot
en

ti
al

 
A

ct
ua

l 
pe

r 
10

m
2 

p
er

1
0

m
2 

St
ip

a 
pe

nn
at

a 
19

73
 

22
 

26
 

19
.8

 
54

.0
 

26
.2

 
24

.4
 

4.
7 

19
74

 
50

 
12

9 
64

.8
 

29
.5

 
5.

7 
92

.0
 

54
.9

 
19

75
 

27
 

64
 

N
o

 d
at

a 
66

.1
 

N
o

 d
at

a 
19

76
 

9 
15

 
36

.9
 

0 
63

.1
 

13
.0

 
4.

9 
19

77
 

34
 

93
 

60
.7

 
32

.2
 

7.
1 

83
.3

 
50

.6
 

F
es

tu
ca

 b
ec

ke
ri

* 
19

73
 

2 
2 

23
.4

 
17

.4
 

59
.2

 
18

.4
 

4.
3 

19
74

 
2 

2 
9.

3 
55

.0
 

35
.7

 
12

.9
 

1.
2 

19
75

 
2 

4 
17

.0
 

28
.6

 
54

.4
 

24
.1

 
4.

1 

K
oe

/e
ri

a 
m

ac
ra

nt
ha

* 
19

74
 

3 
6 

4.
7 

85
.3

 
10

.0
 

55
.7

 
2.

6 
19

75
 

3 
4 

8.
3 

83
.6

 
8.

1 
66

.4
 

4.
8 

*I
n 

th
es

e 
sp

ec
ie

s 
re

pr
od

uc
ti

ve
 s

ho
ot

s 
w

er
e 

ab
se

nt
 i

n 
19

76
 a

nd
 1

97
7.

 



149 

seeds per plant; 'actual seed yield' is the number of healthy seeds per 
I m2• 

The Iimits of potential seed productivity are genetically fixed, and 
specific for each species and habitat. In sandy steppes the value is 10-30 
ovules per plant in Stipa pennata, 60-120 in Festuca beckeri, 180-200 in 
Koeleria macrantha. The number of healthy (intact) seeds formed depends 
on pollination conditions and the degree of ovary darnage caused by 
phytophagaus insects. Firm-tussock grasses are all wind-pollinated. For 
many species of Stipa and Festuca different rates of cleistogamy have been 
reported: it is unevenly pronounced in different species and varies within 
one species in different years (Ponomarev and Zvorygina 1949, Solntseva 
1968). Cleistogamy increases under poor ftowering conditions (excessive 
rain or drought for example). Many species of Stipa are characterised by 
rapid ripening of seeds in pollinated ftowers and by non-simultaneaus 
ripening in different parts of the inftorescence, which prolongs ftowering 
and seed ripening (Solntseva 1968). These seed development characteris
tics may be considered as adaptations to the rather changeable spring 
conditions in the subzone of dry steppes. 

The development of phytophagaus insects and parasitic fungi in the 
reproductive parts of steppe grases is a typical phenomenon. The repro
ductive shoots of Stipa pennata are damaged by rust fungi; the ovaries are 
eaten by gallfty larvae, tripsids and aphids. Tripsids are significant pests in 
Festuca beckeri and Koeleria species. Inftorescence predation and poor 
pollination may result in extremely poor actual seed yield, from 4 to 60% 
of the potential Ievel; this varies considerably from year to year (Table I). 

The seed yield depends not only on the Ievel of potential seed produc
tivity but also on the number of ftowering plants in the coenopopulation 
and the number of reproductive shoots on each ftowering individual; the 
ftuctuations of these parameters will be mentioned later. In Stipa pennata 
coenopopulations a rather high actual seed yield is developed, in spite of 
the relatively low potential seed productivity (Table I). In this species the 
percentage of healthy seeds was highest compared to other grass species. 
It seems to be one of the reasons ensuring the predominant role of Stipa 
pennata. The subordinated position of Koe/eria macrantha in the com
munity investigated is primarily related to the fact that an insignificant 
number of healthy seeds is formed on the plant (Table l ), although the 
species showed high Ievels of potential seed productivity. The potential 
seed productivity of steppe grasses is, as a rule, stable, while the actual 
productivity changes considerably according to the phytocoenotic con
ditions and regime of economic activcities (Osychnyuk and Shupranov 
1978). 

Caryopsis dispersion of most steppe grasses (Festuca, Koeleria, Agro
pyron) is by barochory (Levina 1956). In Stipa the seeds are wind dis
persed, but even with strong wind they are not usually carried further than 
3--4 (rarely 11) m (Ponomarev and Zvorygina 1949). The fate of the fallen 
fruits is different: some caryopses are retained in the litter and a great 
number of them are eaten by rodents or damaged by phytophagaus 
insects. Less than 3% of Stipa caryopses falling on the ground are 
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Table 2. Seed bank of some grasses in the soil of Central Kazakhstan steppes in vegetation 
of Stipa lessingiana + Festuca valesiaca + Artemisia gracilescens (Borissova and Popova 
1972). 

Species 

Stipa lessingiana 

Festuca valesiaca 
subsp. sulcata 

Year 

1960 
1961 

1960 
1961 

Seed stock (no. m- 2) in soillayers 

(}-2cm 2-4cm 4-6cm 

140 80 0 
50 19 14 

300 100 80 
1133 128 50 

6-8cm 8- !0cm 

0 0 
0 0 

80 0 
43 II 

transformed into viab1e seedlings (Ponomarev and Zvorygina 1949). 
Evident1y at this stage of ontogeny the death rate is the highest. Stipa 
caryopses become submerged in the soil to a depth of 2-4 cm owing to its 
'screwing-in' mechanism. In Festuca and Koe/eria the caryopses germinate 
directly on the soi1 suface: this factor increases the risk of death in 
seedlings of these species in the first stages of development and determines 
the subsequent tussock position. The seeds of many species of Stipa are 
characterised by inherent dormancy of different duration: some may 
germinate after nine or even 16-17 years dormancy in laboratory con
ditions (Bespalova and Borissova 1979). The germination capacity and the 
onset of germination in caryopses change according to the time of ripen
ing, depending on the meteorological conditions in the year of fruit 
ripening (Bespalova and Borissova 1979). Because of the long retention of 
viability a seed bank can be developed in the soil. In grasses growing in 
communities on 1oamy soils the seed bank is rather !arge and can vary 
significantly from year to year (Table 2). Of the total seed number found 
in soil, the live caryopses of Stipa lessingiana and Festuca valesiaca 
represented 7% and 58% respectively (Borisova and Popova 1971). 
According to our observations, there is practically no seed reserve ofmost 
species in sandy steppe soil. The seeds of the current or previous year are 
the basic source of regeneration. In some years seedlings appear only on 
account of the seed reserves in the loamy soil of the steppes. 

Steppe plant seedlings appear rather sporadically (not annually) accord
ing to moisture conditions. The seeds ofmost grass species germinate both 
in spring and autumn, but Stipa only in spring. Seedling number reaches 
6-8 per l m2 in sandy steppes. If the seedlings appear in spring most of 
them (50-84%) die in the course of the summer. Thus even in the domi
nant grasses the number of juvenile plants is rather low (2- 6 per 1 m2 ). 

Age-state ontogeny 

Ontogenetic development and morphological changes of individuals 
reflect the plant's life form. Ontogeny is rather similar in different species 
of firm-tussock grasses (Fig. 2, see also Gatsuk et ä.l. 1980). The uniaxial 
juvenile plant passes into the virginile state, as a result of shoot tillering 
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pl J 1a s, 

li 0 0 0 • 
Fig. 2. Age-states in firm-tussock grasses (for example Festuca beckeri from Mikhailova 
(1977)). I, schematic diagram of tussock ontogeny; II, horizontal tussock projection. I, 
vegetative first year shoot with leaves; 2, vegetative perennial shoot; 3, dead shoot, 4, 
reproductive shoot; 5, dead part of a tussock; 6, soillevel; 7, boundary of an individual of 
seed origin or of the clone (genet); 8, boundary of the particules, the individuals of vegetative 
origin (ramets). 

and forms a tussock. Then it begins to flower (g1). Shoot tillering becomes 
more intensive, the tussock increases, but simultaneously dead shoots 
accumulate (g2). The tussock divides into particu1es which together com
pose a clone. The ageing processes in shoot and root systems are intensi
fied, the frequency of shoot formation is reduced, the number of live 
shoots declines (g3 , ss). Tussock ageing results in a reduction of live shoot 
number to 2- 3, and eventually only one particule remains from the clone 
(s). 

The difference in ontogeny between the species of dense-tussock grasses 
is due primarily to the different durations of each age-state: these can be 
established approximately by using the methods of calendar age deter
mination (Persikova 1959, Bedanokova et al. 1975). Life-span varies 
under different conditions (Table 3), increasing usually in unfavourable 
conditions. In some species (Koeleria glauca, K. macrantha) the longevity 
of clones in Naurzum Preserve may reach 100 years. In firm tussock 
grasses the old age period (g3 + ss + s) is the Iongest In many natural 
communities the age-state structure of coenopopulations is determined by 
this peculiarity. There are cases, however, when the old age period is 
greatly reduced, and the senile state is 1ess evident, as reported for 
Stipa lessingiana and Festuca valesiaca in Central Kazakhstan steppes 
(Borissova and Popova 1971 ). The pre-reproductive period is usually 
extended in grasses of natural communities. It is significantly reduced in 
culture, where Stipa species for example flower in the second year of life 
(lvashin and Chuprina 1976). 

Firm-tussock grasses are generally characterised by a considerable Iife
span which can be considered as an adaptive character. In subarid and 
arid conditions this guarantees a stable species position even with rela
tively low actual seed productivity. In many species the tussock constitutes 
a clone in the mature state and with ageing the particules becomes more 
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and more isolated. However, little rejuvenation occurs, the particules age 
and die off. Such vegetative propagation cannot ensure prolonged exis
tence of the coenopopulation in the absence of reproduction of seeds. 

Survival of age-states 

The individuals of different age-states are characterised by uneven rates of 
annual survival which increase in the first part of ontogeny and reach 
100% in the mature state. This mature period is associated with active 
shoot formation in the tussock and growth of the root system which may 
reach depths of 100-150 cm and diameters of 60-80 (up to 100) cm in 
Stipa pennata and Festuca valesiaca. The plants become weaker when they 
reach the senile state, a considerable number of shoots and roots die off 
and the survival rate is consequently reduced. 

To characterise the death of coenopopulations of different steppe grass 
species depletion curves (Harper 1977) were drawn. They correspond to 
the negative exponential (Fig. 3A), indicating a relatively constant death 
rate; even an abrupt fluctuation of conditions (such as a drought in 1975) 
did not affect the dep1etion rate of plants. The half-life period was 20.5 
years in Stipa pennata and 13.7 years in Festuca beckeri. In steppe firm
tussock grasses the decay of the coenopopu1ation is, as a ru1e, rather slow; 
this is due both to the stability of individuals and to the considerable 
duration of age-state ontogeny. Using the data on the death rate of plants 
of different age-states in Stipa pennata coenopopulations (se = 90-97%; 
pl = 84, j = 66, im = 40, v--g2 = 0, g3 = 26, ss = 76, s = 73, on the 
basis of genet number) we attempted to plot a survival curve for one 
generation of seedlings (pl = 100) (Fig. 38). Biological rather than 
chronological time (that is, using age-states) is plotted on the horizontal 
axis. As might be expected, the curve shape approximates type III of 
Deevey (Harper 1977). This however is not necessarily Contradietory to 
the exponential type of depletion (Fig. 3A) curves. Survival seems to 
correspond frequently to the exponential within different age-stages 
during ontogeny, whereas the total survivorship curve may be represented 
as a combination of a few such curves, with different inclination angles, 
each of them corresponding to a certain age-stage. Sarukhan (1978) 
reached a similar conclusion. 

The number of plants in coenopopulations of tussock grass species does 
not change greatly in time (Fig. 3C). The stability is related to scanty seed 
reproduction, adult plant stability and considerable life span of particules 
and whole clones. 

Reproduction 

In coenopopulatiorts of tussock grasses inflorescences are not formed by 
all individuals having reproductive capacity. Intermittent flowering, 
reported for many plant species (Rabotnov 1978) is rather typical of the 
dense-tussock steppe grasses. The intervals are particular1y long in old 
plants: some individuals form 1 or 2 generative shoots only once in 7 or 
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A. Depletion curves for coenopopulations: 1, Stipa pennata; 2, Festuca beckeri; 3, Koeleria 
glauca; 4, Stipa capillata; 5, Koeleria macrantha. The numbers of individuals on a 
l 0 x 0.5 m2 transect from the population of 1970 are shown on the ordinate. 
B. Calculated survival curve of Stipa pennata individuals during ontogeny; age-states are 
indicated on the abscissa and the number of surviving individuals on the ordinate. 
C. Dynamics of plant numbers (system I! calculation units) for 10 years on a 10 x 0.5 m2 

transect: 1, Stipa pennata; 2, Festuca beckeri; 3, Koeleria glauca; 4, Stipa capillata; 5, Koeleria 
macrantha. The number of calculation units is shown on the ordinate. 

8 years. The rise and fall of reproductive activity in different grass species 
may not coincide; for example, Stipa pennata and Festuca beckeri have 
different periods of inflorescence initiation and development. The par
ticules of some grass species (Festuca beckerii, Koeleria macrantha, K. 
glauca, Phleum phleoides) retain the ability to flower almost until they die 
and can be observed in particules with 1- 2 vegetative shoots. While the 
efficiency of such flowering is very low, there is still the possibility of seed 
formation. Furthermore, the presence of temporarily sterile individuals 
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Fig. 4. Age-state spectra of coenopopulations of soroe grasses in sandy steppes on a preserve 
area (data of 1972). (a) Stipa pennata. The proportion of each age-state group in a coeno
population (%) is shown on the ordinate: I, % of total genet nurober; 2, % of the total 
nurober of individuals of seed and of vegetative origin (genets + raroets); 3, % of clones 
within genets. (b) Stipa capillata (I), Festuca beckeri (2), Cleistogenes squarrosa (3); (c) 
Koeleria glauca (!), Koeleria macrantha (2), Phleum phleoides (3). The proportions of each 
age-state group as a % of total genet nurober is shown for (b) and (c). 

in a coenopopulation pre-empts space from occupation by other indi
viduals and results in the maintenance of genetic diversity in the coenopo
pulation. 

Age-state spectra 

The age-state spectra of coenopopulations in many firm-tussock grasses 
growing in a particular community are rather similar (Fig. 4): the absolute 
maximum in the spectrum occurs in g3 + ss specimens, and the minimum 
in those of g2• Some years are characterised by local maxima in the group 
of young individuals. If system III calculation units are used (that is, 
including particules within clones) the predominance of old plants proves 
to be still more notable (Fig. 4a). 

A review of age-state spectra (Fig. 5) of some firm-tussock grass species 
in different communities suggests that in some habitats a species is charac
terised by a particular relationship between plants of different age-states 
in the stable part of the population (g1 + g2 + g3 + ss + s). Festuca 
valesiaca is, as a rule, characterised by total predominance of young 
individuals (j + v + g1) over the old ones (g3 + ss + s) or their more or 
less equal relationship. In Stipa /essingiana two types of spectra are distin
guished - with maxima on g2 in the stable part (Fig. 5BI) or on old 
individuals (Fig. 5BII). It should be noted that the maximum on old 
individuals of Festuca valesiaca subsp. sulcata and Stipa /essingiana is 
typical of non-grazed localities while the maximum on g1 - g2 is usually 
observed on continuously grazed plots. In Stipa pennata, the age-state 
spectrum in most of the habitats investigated is characterised by a pre
dominance of old plants (Fig. 5C); the northern steppe (Kursk Region) is 
characterised by the predominance of reproductive plants (g3) among 
the old ones and higher participatation of mature plants (g2) ; in the 
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Fig. 5. The age-state spectra of coenopopulations of some firm tussock grasses. The propor
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3, v; 4, g1; 5, g2 ; 6, g3 ; 7, ss; 8, s. · 
(A) Festuca valesiaca subsp. sulcata growing in (I) steppes of Centrat Kazakhstan (Borissova 
and Popova 1972), (II) semidesert of North Caspian area under low and moderate grazing 
(V orontzova and Zhukova 1976), (III) arid steppes of Inland Tian-Shan (Kozhevnikova and 
Trutevieh 1977) and microsinks in the semidesert of North Caspian area (Vorontzova and 
Zhukova 1976), (IV) arid steppes of Naurzum Preserve without grazing. 
(8) Stipa lessingiana growing in (I) arid steppes of Central Kazakhstan (Borissova and 
Popova 1972), (II) arid steppes of Naurzum Preserve without grazing. 
(C) Stipa pennata growing in (I) sandy steppes of Naurzum Preserve, (II) northern steppes 
of the European part of the USSR. Each symbol on the vertical lines corresponds to a 
particular coenopopulation. 

sandy steppes (Kustanai Region) subsenile plants (ss) are predominant 
(Fig. 5CI). 

The following indices were used to characterise the dynamic processes 
in grass coenopopulations (Table 4). (On permanent grass plots system III 
calculation units were used.) 
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l. Death rate of p1ants, deterrnined as f 100/ N1, where fis the nurober of 
plants dying in the period between two successive Observationsand N1 

is the plant nurober at the first of the two observations. 
2. The rate ofcoenopopulation growth (lnN2 - lnN1)/(t2 - t1), where 

N2 is the nurober of plants during the second of two successive 
observations. 

3. The rate of ontogenetic change q.l 00/ N1, where q is the nurober of 
plants that changed their age-state between t 1 and t2 • 

4. Coenopopulation age-state index ~ (Uranov 1975), which estimates 
the coenopopulation age-state Ievel on the basis of age-state group 
relationship: ~ = :E k;m;/:E k; , where k; is the nurober in each age
state group and m; is the age 'value' of one individual of the corres
ponding group. The values of m; are calculated on the basis of 
the logistic curve and expressed as follows: j = 0.018; im = 
0.047; V= 0.119; gl = 0.270, g2 = 0.500, g3 = 0.731; SS = 0.880; 
s = 0.953. This index ~ changes from 0 to 1 and increases with 
coenopopulation ageing; ~ for two successive time intervals is shown 
as a fraction in Table 4. The theoretical basis of this calculation is 
discussed by Uranov (1975). 

5. The nurober of juvenile individuals of the first year of life. 
6. The nurober of particules arising from previously existing plants, that 

is, the nurober of individuals that appeared vegetatively. 

The dynamic processes in coenopopulations of dense-tussock grasses 
can be characterised as follows (Table 4): 

I. The death rate of seed individuals and particules varied fröm year to 
year. The maximum indices do not a1ways coincide with the most 
unfavourable years: for example, after the drought in 1975-1976 the 
death rate of Festuca beckeri was no higher than in the previous years. 

2. The death rate increased during the middle of the observation period 
and fell again by the end of it. 

3. The differences between such indices as the death rate of the initial 
coenopopulation (or depletion rate) and the death rate of the whole 
coenopopulation are related to the fact that in the second index the 
death of all newly forrned individuals is taken into account, which 
causes fluctuations of this index from year to year. 

4. The rate of coenopopulation growth was low; coenopopulation 
numbers increased mostly on account of particule forrnation. If seed 
recruitment to the coenopopulation is considered alone, the growth 
rate becomes negative. 

5. The ontogenetic development was uneven. Considerable changes in 
age-state composition occurred in the years after drought 
( 1976-1977), when the plants were subjected to intensive ageing, 
resulting from the death of a great nurober of shoots in tussocks. 

6. The recruitment of seed progeny was uneven. 
7. The coenopopulations of Festuca beckeri revealed a somewhat higher 

death rate than those of Stipa pennata. 
8. The rate of coenopopulation growth (assessed by nurober of genets) 
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Fig. 6. Changes of some age-state spectra of coenopopulations of Stipa pennata (A) and 
Festuca beckeri (8). The proportions of age-state groups (% of the total number of 
individuals) are shown on the ordinate. 

was higher in Stipa pennata than in Festuca beckeri; this reflects the 
more plentiful regeneration in Stipa. 

9. The ontogenetic changes are more variable and evident in Festuca 
beckeri than in Stipa pennata. 

The basic processes occurring in the course of time in the coenopopula
tion (the appearance of new individuals, their ontogenetic development, 
and the death rate which is specific for different age-state groups) deter
mine the dynamics of coenopopulation age spectra. Although the main 
characteristics of the spectra during eight years of observations were 
retained in the grasses, some changes in age-state group relationships did 
occur (Fig. 6). The share of j and im became reduced to zero in Festuca 
beckeri. The relationships in the young part of the coenopopulation 
underwent wave-like changes caused by death and ontogenetic develop
ment of individuals. The share of ss individuals and s age-states increased, 
particularly after the drought of 1975. The consequences of drought were 
manifested in a reduced number of vegetative and reproductive shoots in 
1975, by increased formation of particules and by particule ageing. Thus, 
the changes in age-state spectrum are related to the population charac
teristics of species and the effect of the environmental variations through 
time. In 1979 many seedlings (22) and juvenile individuals ( 17) of Stipa 
pennata were recorded on the transect, suggesting that grass coenopopula
tions are replenished periodically by small portions of new seed 
individuals, roughly after 9- 10 years. 

In coenopopulations of the grasses investigated the permanent indi
viduals (that is, those retained during the whole observation period) make 
up not less than 50 percent of all recorded individuals: the flow of deaths 
and regenerations is stabilised by the permanent part of the coenopopula
tion. We tried to estimate these relationships quantitatively using a para
meter which we call 'balance lability', calculated as I - (N' / N), where N' 
is the number of plants permanently retained during the whole 
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observation period and N is total number of recorded plants (using system 
III calculation units). The index can be used to estimate the degree of 
population flux. The higher the balance lability, the more dynamic the 
coenopopulation. In steppe grasses the index is equal to about 0.53. 

Phytomass and phenology 

While the numbers and age-state composition of grass coenopopulations 
are characterised by relative stability, the phytomass is a more dynamic 
index and can change annually (Gordeyeva 1976). This is due primarily to 
changes in the degree of shoot formation in tussock grasses. From our 
observations some particules do not form shoots at all in dry years, that 
is, they are in a state of secondary dormancy. This characteristic is par
ticularly abruptly manifested in grasses under very adverse conditions for 
growth, where the period of dormancy may last up to 3 years (Steshenko 
1976, Borissova et al. 1976). 

One of the essential aspects of the population biology of a species is its 
development rhythm throughout the year, or phenology. Most species of 
steppe grasses form a rather integral group with regard to the rhythm of 
seasonal development. The leaves start growing in April-May, reach 
maximum development in mid-June, while at the end of June- July the leaf 
tips begin to dry. In years of drought leaves start to dry earlier and more 
rapidly; even in less extreme years up to 80% of total leaf area may dry 
out by the end of the summer. The grasses can survive the warmestand 
driest period ofthe summer in a state oftemporary dormancy. New leaves 
appear in autumn and remain green under snow. The reproductive shoots 
of Stipa pennata are initiated in autumn, those of other species are estab
blished in spring prior to flowering (Festuca, Koeleria and others). The 
species of Stipa usually flower in the middle and at the end of May, those 
of Festuca and Koeleria at the beginning of June. In some species (Stipa 
capil/ata, Cleistogenes squarrosa) flowering is delayed until mid-summer. 

Physiological characteristics 

The considerable similarity of the population biology of steppe grasses is 
based on their common ecological characteristics. The narrow-leaved 
steppe grasses were classified by Kolpikov (1960) in an ecological group 
which he named 'stipaxerophytes' . Their ecological and physiological 
characteristics explain to a considerable extent the stability of steppe 
grasses in arid conditions. These species are characterised by a high 
threshold ofprotoplasm coagulation (55-63°C); low water content (down 
to 38% of plant fresh weight, Grigoryev and Razumova 1974) 79% of 
which is bound water (Zhuravleva 1977), retained after water extraction 
by a 30% glucose solution; high protoplasm viscosity and relatively 
high (maximum up to 35--40 atm) osmotic pressure (Sveshnikova and 
Bobrovskaya 1973); the latter determines the considerable root suction in 
steppe grasses. The stipaxerophytes have relatively low (ranspiration rates 
(usually less than 1·5 g.g- 1hr - 1) particularly in the drought period 
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(Gorshkova and Kopytova 1977), enabling them to resist dehydration. 
Because of their low content of free water the stipaxerophytes have a 
relatively low photosynthetic rate (Spivak 1977). The rate and regulation 
mechanisms of water balance determine the distribution of grasses in 
nature and their roJe in coenoses (Sveshnikova 1979). Stipa sareptana 
dominates in the most xeromorphic conditions of desert steppes. Its water 
balance is regulated by variations of water regime indices (transpiration 
rate, water content in leaves, osmotic pressure ), by the rhythm of stomatal 
functioning and by rolling and unrolling of leaf blades. Stipa rubens and 
S. pennata are characterised by higher transpiration rates, lower vari
ability ofwater regime indices, and by absence ofleafrolling: these species 
are typical of more northern steppes. In the south of the steppe zone they 
occur either on light-textured soils or under high maisture conditions. 
Festuca va/esiaca subsp. sulcata has a very plastic water balance that 
permits it to survive in a wide range of conditions (Sveshnikova 1979). 

Grazing 

The steppe tussock grasses make up the basis of climax communities and 
are subject to intensive grazing. While in the pre-agricultural period the 
grazing of wild animals in natural conditions was necessary for equi
librium maintenance (Semenova-Tyan-Shanskaya 1978), with modern 
agricultural management the deve1opment of many steppe plants is 
influenced by intensive grazing. The effect of grazing, however, is versatile 
and not unequivocal. With steppe grasses grazing affects the vitality and 
numbers of plants in coenopopulations and their age-state spectrum 
(Zaugolnova 1977). The response of species to grazing is to a great extent 
specific and depends on grazing intensity. Thus in some species (Festuca 
valesiaca subsp. sulcata, F. beckeri) the first stages of grazing can be 
associated with improved vitality of individuals and clones, an increase in 
the number of vegetative and reproductive shoots and their height. The 
basic reason for such behaviour lies evidently in the attenuation of the 
dominant Stipa species that are strong competitors. With increased graz
ing the vitality of the Festuca spp. is worsened. In Stipa caucasia and 
Agropyron pectiniforme even slight grazing is associated with a decrease in 
tussock diameter, as weH as shoot number and height (Kozhevnikova and 
Trutevieh 1971). 

Intensive grazing affects not only plant vigour and number but also Ieads 
to rearrangement of the age-state spectrum (Kozhevnikova and Trutevieh 
1971 ): the number of old plants is reduced because of their high death rate; 
there is also a 'false rejuvenation' of coenopopulations, related to the 
accumulation of young plants, the impossibility of complete ontogeny and 
the death of plants that have not reached the naturallimits of life. 

Conclusion 

The above review makes it possible to distinguish the most common 
coenopopulation characteristics of steppe tussock grasses. 
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I. The formation of compact tussocks with strong root systems Ieads to 
high survival of adult individuals; 

2. The considerable length of tussock life allows old individuals to 
accumulate in a coenopopulation; 

3. The numbers and age-state composition of coenopopulations are 
stable; 

4. Both the numbers of reproductive shoots and the vegetative mass are 
dynamic. 

These characteristics determine the dominating and edificator roJe of 
tussock grasses. Even grass species with low abundance in steppes are 
extremely stable components, retaining their positions in the coenosis for 
a long time. 

Short-rhizome herbs 

In sandy steppes this group is represented by Potentilla cinerea, Centourea 
sibirica, Arenario procera, Hieracium echioides, H. virosum. Our Observa
tions of Potentilla cinerea and Centourea sibirica may be used to exemplify 
the group. While each species has its own specific characteristics of coeno
population growth and dynamics, they are all similar in many points. 

The potential seed yield in these species is rather different (Table 5); the 
actual yield is similar. The latter index varies slightly over time, whereas 
the potential yield may vary rather strongly. The fluctuations in potential 
yield are related primarily to the number of reproductive shoots formed on 
a plant. The reproductive organs are initiated in these species in the 
previous summer, and the drought occurring in this period may have a 
negative effect on the number of reproductive shoots (as for example in 
1976, see Table 5). These two species flower at the end of May, and are 
insect pollinated. It is possible that with a small number of reproductive 
shoots and flowers pollination may be more efficient. Many seeds of 
Polenti/la and Centourea are damaged by weevil larvae. If flowering is 
poor, the number of phytophagaus insects may drop abruptly and the seed 
darnage is reduced in these years. 

Table 5. Seed yield and its components (per I m2 ) in short-rhizome plants on Naurzum 
Preserve. 

Species Year Number of Number of Potential Actual 
reproductive flowers yield yield 
shoots (inflorescences) 

Potentilla 1973 27.2 61.8 1876.8 64.7 
cinerea 1974 14.6 34.6 1051.2 49.8 

1976 3.4 9.3 275.4 58.7 

Centaurea 1974 6.9 161.4(6.9) 161.4 56.3 
sibirica 1977 11.0 249.0(1 I) 249.0 75.8 

The seeds of Polenti/la cinerea usually germinate in close proximity to 
matemal plants, giving rise to groups of 20-40 seedlings. The fruits of 
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Fig. 7. Age-states and clone structure in Polenti/la cinerea. The individuals of seed origin are 
shown as: I, seedling; II, juvenile; 111, immature; IV, virginile; V, young; and VI, mature 
reproductive. lndividuals of vegetative origin are: VII, mature; VIII, old streng; IX, old 
weak; X, senile. I, vegetative shoot; 2, reproductive shoot; 3, dead shoot. Individuals of 
vegetative origin are: 4, mature; 5, old streng; 6, old weak; 7, senile. A, B, C, the stages of 
clone development. 

Centaurea sibirica may be carried away by beet1es picking the fteshy 
tendri1s; the seedlings of this species are, as a rule, randomly distributed. 
The number of seed1ings of Potentilla cinerea is rather high in some years; 
Centaurea sibirica seedlings are always sporadic. However the survival of 
small Potentilla seedlings is rather low, and by the end of summer fewer 
than 1-2 per5m2 persist Seed1ing density of Centaurea sibirica by the end 
of summer is the same. 

The coenopopu1ations are rep1enished extremely s1owly: during the 
who1e observation period (1970-1979) on a transect (0.5 x 10m2) only 
one juvenile individual of P. cinerea became established but not a single 
one of C. sibirica. These species are characterised by clone formation in 
mature and old age-states (Fig. 7) and the clones spread rather slowly. 
Some particules do not undergo rejuvenation and age gradually. When 
they die the vacant site is taken by the same or by other species. The 
dimensions of clones and the number of particules in each are different in 
these species: clone diameter in P. cinerea is 20-70 cm, in C. sibirica 
10-20 cm; the average particule number per clones is 8.1-13.2 and 3.2- 3.5 
respectively. The differences affect the position ofthe species in a coenosis: 
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as a rule, the cover' of P. cinerea is higher than that of C. sibirica. The 
clones of these species exist for a rather long period of time. An estimate 
oftheir life-span can be indirectly obtained by determining the particules' 
'provisory age' (Gatsuk et al. 1980): the life-span of a Potentilla clone is 
not less than 50 years. 

Coenopopulations of these species are composed of (a) individuals of 
seed origin, (b) clones consisting of particules (that is, individuals of 
vegetative origin) and (c) single particules, being the last fragments 
of clones. Together these give the total genet number. In short-rhizome 
plants different patches of a coenopopulation have different genet 
numbers, caused by differences in seed regeneration and in the death rates 
of isolated particules and of particules within clones. The number of 
ramets in a coenopopulation reflects the intensity ofindividual disintegra
tion and the average ramet number in a clone; the latter varies from species 
to species. The numbers of,genets and ramets for different coenopopula
tions of Potentilla cinerea and Centaurea sibirica are given in Table 6. The 
number of genets of P. cinerea varies within a small range and is only 
slightly reduced by grazing, whereas ramet number falls rather signifi
cantly. Haymaking and grazing cause the numbers to change within the 
same ranges as may be found on different coenosis patches on the 
Naurzum Preserve. For P. cinerea coenopopulations no serious effect of 
haymaking and grazing on the number of genets can be established but the 
number of ramets is higher on hay-fields and pastures, that is, there are 
more particules in the clone (on average) than on a preserve plot (without 
mowing or grazing). The coenopopulations of these species are charac
terised by the prevalence of old (g3 + ss + s) particules (Fig. 8); the role 
of old particules is even higher in spectra calculated on the basis of ramet 
number. Seed regeneration is not abundant but it ensures the permanent 
presence of young individuals in the coenopopulation. This spectrum is 
rather stable and can last for a long period of time. The number of juvenile 
individuals can change both in time and 'space. 

It is practically impossible to investigate the dynamics of individuals in 
short-rhizome species since their boundaries cannot be established without 
excavation. Thus in observations on permanent plots only the number of 
shoots was estimated. The numbers of vegetative shoots in P. cinerea and 
C. sibirica varied slightly during 8 years of observations: 334-380 in P. 
cinerea and 75-93 in C. sibirica on a 0.5 x 10 m2 transect, indicating 
coenopopulation stability. These plants are characterised by well
branched, deep (160--200 cm), adventitious and fleshy roots with water 
reserves in them. The compound leaves of P. cinerea are rather hairy and 
Ieaflets can fold along the midrib when air and soil dryness increase. These 
features of plant texture contribute to an increase in stability of the 
coenopopulations in arid conditions. P. cinerea and C. sibirica are typical 
of psammophytic and petrophytic variants of steppes, occurring in pine 
forests on sandy soils, as weil as in the steppe and forest-steppe zone ofthe 
European part of the USSR, Kazakhstan and Siberia. They are scarcely 
eaten by cattle and withstand grazing. The vitality of individuals improves 
in the first stages of pasture deterioration and with heavy overgrazing, 
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Fig. 8. Age-state spectra of short-rhizome plants: Polenti/la cinerea (I) and Centaurea sibirica 
(II). The proportians of each age-state in a coenopopulation are shown on the ordinate; these 
are calculated either on the basis of total number of individuals (I) or on the basis of genet 
number (2). Data are shown for 1972. 

when many species are eliminated from the grass stand, P. cinerea becomes 
the dominant of the coenosis. Their projective cover is not high (2- 5%, 
maximum 12- 15%), and because of their small height (5-7 cm) their 
occupation of space is 2-5 times lower than dense-tussock grasses. The 
foregoing population characteristics make them permanent components 
of sandy steppes. 

TYPE II - T AP-ROOTED PERENNIAL PLANTS WITH SEED 
REGENERATION 

This group is represented by species which regenerate in the climax com
munity only by seed: Artemisia campestris (f.sericea and f.glabra; data 
reported here refer only to f.sericea), Euphorbia seguieriana, Onosma 
simplicissimum, Gypsophila paniculata. Root suckers can potentially be 
formed in Euphorbia seguieriana but is not observed in the climax com
munity of sandy steppes. Vegetative propagation is also absent in these 
plants in the old age-state. The potential seed productivity varies in mature 
individuals of these species within a wide range: it is highest in Artemisia 
campestris (4,200--12,700 ovules per individual) and the lowest in Euphor
bia seguieriana (24--95). Numerous seedlings are formed in favourable 
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Fig. 9. Survival of tap-rooted plants in coenopopulations. 
(A) Survival of seedlings during the vegetation period (May-September) on Naurzum 
Preserve in 1971: I, Artemisia campestris; 2, Euphorbia seguieriana. The number of seedlings 
on a 10 x 0.2 m2 transect is shown on the ordinate. 
(B) Survival of juvenile individuals recorded in 1971, from 1971 to 1977. The number of 
individuals on a 10 x 0.5 m2 transect is shownon the ordinate. I, Artemisia campestris; 2, 
Euphorbia seguieriana. 
(C) Depletion curves for all individuals recorded in 1971 on a 10 x 0.5 m2 transect. I, 
Artemisia campestris; 2, Euphorbia seguieriana; 3, Onosma simplicissimum. 
(D) Depletion curves of: I, Scorzonera ensifo/ia; 2, Seseli /edebouri; 3, Helichrysum 
arenarium. 

years but most of them die off in the course of summer (Fig. 9A); the 
survival of seedlings is related to seed size and this is higher in E. seguier
iana. Juvenile plants may be numerous in the population but the death rate 
is so high (Fig. 98) that their participation in the coenopopulation 
decreases abruptly in the first few years after their appearance. Thus seed 
regeneration in these species is sporadic. The share of juvenile individuals 
recorded in the coenopopulation is higher (on average 40-50%) than in 
the groups of species discussed previously. 

The underground part of these plants become branched with onto
genetic development and the root system reaches a depth of 160-200 cm 
in the mature state. In the first stages of ontogeny the stability of 
individuals in coenoses increases somewhat and their death rate decreases 
correspondingly. As plantsage their shoots die and the tap root deterio
rates, the depth of root penetration is reduced and plant stability declines. 
Plant survival changes correspondingly during ontogeny. For example in 
Artemisia campestris the % survival of each age-state changes in the 
following way:j - 27, im - 44, v and g1 - 72; g2 - 100; g3 and ss - 65; 
s - 70. One of the essential differences between this type of population 
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behaviour and that of bunch or tussock plants is the lower survival at the 
beginning and the end of the ontogeny of the tap-rooted plants. In spite 
of the higher number of juvenile individuals at some periods in a coeno
population the total number (per 0.5 m2) is not high in these species: 
0.1-7.3 individuals in Artemisia campestris, 0.5--0.8 in Onosma simp/icissi
mum and 0.2- 3.1 in Euphorbia seguieriana. 

The species investigated in the sandy steppes are characterised by a 
rather long life span of the pre-reproductive period (Table 7), one of the 
reasons for an accumulation of this age-state. The ageing period 
(g3 + ss + s) is somewhat extended. The totallife span is, on the whole, 
shorter than in tussock plants of Type I. 

The coenopopulation number varies considerably in time. In coeno
population of Artemisia campestris an increase in number was recorded 
only once in nine years of observations, and twice in coenopopulations of 
Onosma simplicissimum and Euphorbia seguieriana. The rises are related to 
the sporadle formation and rooting of seedlings. The depletion rate of 
individuals in a coenopopulation (Fig. 9C) scarcely changes in different 
years and seems to depend little on environmental fluctuations. The 
depletion curves are in all cases close to the exponential relationship and 
the species differ slightly in death rate. The population half-life is shortest 
in A. campestris (4.0 years), 4.7 years in E. seguieriana and 5.0 years in 
0. simplicissimum. 

The comparison with tussock plants reveals another essential charac
teristic of the population behaviour of tap-rooted plants: their number is 
much more dynamic, suggesting that they are relatively labile species: 
balance lability is 0.81--0.87 in A. campestris and E. seguieriana and 0.69 
in 0. simp/icissimum. 

A1though the depletion rates (of p1ants present from the first observa
tion) do not change in time (Fig. 9) the death rate sometimes increases 
greatly (Table 8). This was caused mainly by death of young p1ants that 
appeared in 1971. The growth rate of a coenopopulation varies from year 
to year, but negative indices prevail over positive ones: the coenopopu1a
tion number decreases significantly during the nine-year period. 

The age-state spectra of coenopopulations of the tap rooted species are 
characterised by the following features (Fig. 10): the absolute maximum 
occurs as a rule among the individuals of the pre-reproductive period, or 
of g1 ; the position of the maximum is mobile and depends on the rate of 
initial development of individuals, their death rate and on the sporadic 
appearance of seedlings; the height of the maximum in the spectrum 
depends on the intensity of species seed reproduction and on the time that 
has passed since mass seedling appearance; local maxima may appear 
among the old individuals, caused by a slightly extended ageing period; the 
Ionger the plant ontogeny the more important and stable is the maximum 
on g3 (Table 7, Fig. 10). 

The characteristics of ontogenetic development account for another 
essential aspect of population behaviour of this group of spccics, namely 
the dynamism of the age-state spectra in time, as may be illustrated by 
Artemisia campestris. During the whole observation period (Fig. 11) the 
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Fig. 10. Age-state spectra of coenopopulations of tap-rooted plants. The proportion (%) of 
the total genet number is shown on the ordinate. A, Artemisia campestris; B, Euphorbia 
seguieriana; C, Onosma simplicissimum. I and 2, Preserve area in 1971 and 1972; 3, hayland 
in 1972. 

participation of juvenile individuals decreased abruptly while old ones 
increased. The share of im, v, g1 individuals is marked by wave-Iike 
changes: the absolute maximum moves from j to g1 • These changes are a 
result of the death of individuals and their age development. We did not 
succeed in establishing any relationship between fluctuations in meteoro
logical conditions and the degree of ontogenetic changes: such changes 
seem to depend largely on population properties of the species. On the 
whole, the rate of ontogenetic change is much higher in this species than 
in dense-tussock grasses (compare Table 4), and is related to the shorter 
life-span of Artemisia campestris individuals. 

The abundance of tap-rooted species increases with coenosis distur
bance. Artemisia campetris f. sericea becomes dominant in a pine forest on 
disturbed sandy soils; A. campestris f. glabra reaches high numbers in the 
first stages of old field disturbance (up to 3-8 specimens per I m2), but in 
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Fig. 11. Changes of the age-state spectrum of Artemisia campestris coenopopulation over 
nine years. The proportions of age-state groups (% of total number) are shown on the 
ordinate. 
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the natural community the density decreases abruptly (0.8-0.1 ). The 
numbers of Euphorbia sequieriana are increased by grazing 2.5-7 times, 
compared to the maximum number on a preserved area. The attenuation 
of interspecific plant interference results in their improved vegetative and 
reproductive growth, increased seed productivity and a correspondingly 
higher rate of coenopopulation growth. 

The following are the most typical features of the population behaviour 
of these species: (I) the absence of vegetative propagation; (2) relatively 
high elimination ofindividuals; (3) a shorter ontogeny than that oftussock 
plants and reduced duration of the senile state; (4) greater dynamism of 
numbers and of age-state spectra. 

TYPE III- TAP-ROOTED PERENNIALS WITH MIXED 
REGENERATION 

This group is represented by the following species in steppe communities: 
Scorzonera ensifolia, Sese/i ledebouri, He/ichrysum arenarium. The poten
tial seed productivity of species is extremely different: in S. ensifolia it is 
20--40 ovules per specimen and in S. ledebouri 1000-3000 (rarely up to 
6500) ovules per specimen. The actual seed productivity is very low in S. 
ensifo/ia (0.2- 2.3% of the potential) and considerably higher in S. lede
bouri (30--40%, though in some years it is 0.2-1.2%). The number of 
seedlings however is very low even in S. ledebouri: in favourable years, 2-4 
per I 0 m2• Seedlings of S. ensifo/ia and H. arenarium are sparse. 

Vegetative propagation was also recorded in these species. Buds on 
roots give rise to shoots which then form their own root system and can 
exist independently. According to their age-state, these plants may then be 
equated with juvenile or with immature plants. In some species the connec
tion between the root-suckers and the matemal plant may last for a long 
time (S. ledebouri ), while in others it is disturbed rapidly as a result of root 
rot or breakage. Individuals of vegetative origin may retain traces of their 
former connection with the matemal plant for a long time and in coeno
population analysissuch plants can be estimated separately. Plants origi
nating from root suckers undergo age changes and therefore different age 
groups can be distinguished among them, similar to those derived from 
seed. The ratio between the individuals of seed and vegetative origin in a 
population varies in different plant species: the percentage vegetative 
progeny among the total number of individuals is 28- 35% in S. ledebouri, 
88- 97% in H. arenarium and 99- 100% in S. ensifolia. The vigour of 
vegetative propagation in these species is different and this accounts for 
observed variations in numbers of the species: the average number of 
individuals per 0.5 m2 is 0.2- 19.3 in Helichrysum arenarium, 0.4--1.3 in 
Seseli ledebouri, 1.4-6.1 in Scorzonera ensifolia (Naurzum sand steppe). In 
coenopopulations pre-reproductive plants are as a rule predominant. 
Consequently the population number of these species is rather variable in 
time; balance lability is 0.8-0.9. Their half-life is rather short: 3.3- 2.5 years 
in H. arenarium and 7.0 in S. ensifolia. S. ledebouri is different and 
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coenopopu1ations of this species are more stable in time, with a balance 
lability of 0.56 and half-life of 20.5 years. The root suckers of this species 
are more viable and have a slower rate of development than the two other 
species. 

The calendar ages of these species are difficult to determine. Observa
tions on permanent plots and morphological analyses have shown that the 
life-span of individuals in sandy steppes is roughly 18-20 years in Helich
rysum arenarium, 15-25 years in Scorzonera ensifolia, 20-30 years in Seseli 
/edebouri. 

Root suckers are formed actively in humid years. Newly formed indi
viduals die off in a manner similar to those derived from seed (Fig. 9D), 
showing an exponential relationship that does not reveal any dependence 
on environmental flucttiations and plant age (H. arenarium is an excep
tion). A higher death rate in populations of these species does not result 
from active formation of vegetative propagules. For example in Scor
zonera ensifolia (growing on a 0.5 x 10m2 transect) the highest number 
of dead plants was recorded in 1977-1979, but only two out of 19 were 
young (age 2-3 years), the rest being perennial individuals; out of 11 plants 
that died offin 1972-1973 five were l-2 years old, the rest were older. The 
death of vegetatively formed individuals seems to be primarily an endo
genaus process in this species, determined by the survival Ievel of 
individuals and the duration of their ontogeny. The survival of vegetative 
progeny may possibly depend on attachment to the matemal plant: the 
half-Iife is considerably greater in species where the connection is retained 
for a Ionger period of time. 

Plants of the species investigated have different means of survival in arid 
conditions: in Scorzonera ensifolia the leaf bases are densely covered with 
long hairs which coat the young growing parts Iike a blanket; in Helichrysum 
arenarium both leaves and stems are hair-covered; in Seseli /edebouri the 
finely dissected leaves are covered with cuticula. The thick and succulent 
roots of S. /edebouri and Scorzonera ensifolia have water reserves in them 
that enables them to tolerate drought periods. Vegetative propagation of 
these species is intensified in areas where the plant cover is damaged by 
digging animals. Sousliks and blind rat-moles often eat the sappy roots of 
S. ensifolia, thus activating vegetative propagation: the density of this 
species may rise abruptly in such sites. However, these tap-rooted species are 
sensitive to grazing and are rapidly elirninated from the community by it. 

The population behaviour of this species group reveals a considerable 
similarity with the previous group of species: the coenopopulations are, as 
a rule, characterised by a rather high lability of number and age-state 
composition, sporadic regeneration and predominance of young plants. 
The main difference lies in their dependence on vegetative propagation 
rather than seed reproduction. Vegetative progeny are more viable than 
seed progeny, and the death rates of juvenile and adult plants do not differ 
as sharply as in species with seed regeneration. 

The tap-rooted plants with mixed self-maintenance may be considered 
as the relatively labile fillers of communities, rapidly colonizing disturbed 
areas and retaining their place for varying periods of time. 
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TYPE IV - TAP-ROOTED PLANTS WITH A SHORT ONTOGENY 

In the steppes, this type is exemplified by Alyssum lenense, A. tortuosum, 
Syrenia sessiliflora. The density of these species on undisturbed plots of a 
community is usually low (approximately 0.4-1.4 specimens per I m2 ) but 
it can grow abruptly after disturbance, reaching an average of 20 speci
mens per I m2• The Iife-span of plants is short, reaching 2-3 years in 
Syrenia sessiliflora and under 7- 9 years in Alyssum /enense. The senile 
period is not pronounced in plant ontogeny. Most individuals in popula
tions of Syr.enia sessiliflora are monocarpic, with only some of them 
flowering for a second time or vegetating one more year after flowering. 

These species are marked by a high death rate of individuals: 95.4% of 
the initial coenopopulation of A. /enense died in the period 1970--1979. 
This is caused primarily by the thin and shallow root system which only 
reaches a depth of 50 cm. Coenopopulations of these species decrease 
catastrophically after droughts. Coenopopulation numbers and age-state 
spectra are rather dynamic (Fig. 12) and subject to abrupt variations in 
time and space (Zaugolnova 1976). Y oung plants are predominant. 
Coenopopulation Iability is due to the following factors: periodicity in 
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Fig. 12. Changes of the age-state spectra and the numbers of Alyssum lenense coenopopula
tions over time. 
(A) Age-state spectra, showing the proportians of different age-state groups (% of the total 
number on a 15 x 0.5 m2 transect); years and months of Observations are shown on the 
abscissa. 
(B) Changes in the total number of individuals on the same transect. 
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seediing establishment (the number of seediings per I m2 varies from I to 
70 annually), high death rate of individuais, and rapid ontogenetic 
development. The balance lability of Alyssum lenense is about I, that is, 
during the observation period (1970-I979) almost all individuals in the 
coenopopulation were replaced by others. The coenopopuiation half-life 
in A. lenense varies from 1.2 to 2.7 years depending on the environment: 
death in these species is distinctly related to environmental fluctuations. 

The species of this group are highly dynamic and marked by Iow 
competitive capacity. They are close in behaviour to explerent species 
(Ramenskii 1938): they can rapidly occupy disturbed areas but are rapidly 
suppressed by other species as weil. 

TYPE V - LONG-RHIZOME PERENNIALS 

In the sandy steppes this group is represented by Carex supina, Veronica 
spuria and Galium ruthenicum. Coenopopulation maintenance is basically 
by vegetative propagation and the species occur permanently in steppe 
communities on sandy soils, although their cover is not large. The ratio 
between progeny derived from seed and vegetative propagules varies: 
Carex supina coenopopulations are fully vegetative, whereas in Galium 
ruthenicum seed progeny are sparse but on some sites it may prevail over 
vegetative progeny. 

Weshall consider the behaviour of Carex supina coenopopulations in 
some detail. The plant is a system of partial tufts connected by rhizomes. 
The partial tuft is formed in the apical part of the rhizome by tillering. Its 
development can be divided into a few stages (Fig. 13): young, mature and 
old which correspond on the whole to the development stages described by 
Kershaw (1973) for clumps of other long-rhizome species. The tuft con
sists of one, two and three year old vegetative shoots and di- or tricyclic 
reproductive ones. Most tufts die at 4-5 years ofage, but some ofthem can 

II --- -----o---o----G---o-
~'1~ t ./. • 

Fig. 13. The phases of development of Carex supina partial tufts (I) and structure of 
individuals. Tufts: A, young; B, mature; C, old. I, Vegetative shoot; 2, reproductive shoot; 
3, dead shoot; 4, dead tuft. 
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live up to 7 or 8 years. The rhizome is rarely branched and an individual 
has usually not more than 2-3 rhizome branches (Fig. 13, II). Although 
reproductive shoots with fruits can usually be seen in a coenopopulation 
we have never detected seedlings in natural conditions. The coenopopula
tion dynamics of the species are entirely related to the degree of partial tuft 
formation and death, both of which undergo changes in time. Sometimes 
these depend mainly on the weather conditions: the highest number of new 
tufts is formed in humid years (such as 1973), and these are years when 
coenopopulation rejuvenation occurs. Y oung tufts develop rapidly and 
correspondingly the number of this age-state rapidly decreases in subse
quent year. Unless continual formation ofyoung tufts occurs the popula
tion undergoes gradual ageing. Most tufts (mainly the old ones) die off in 
drought years (such as 1975). Since the life-span of tufts is not long the 
half-life of coenopopulations is short, between l.l and 4.0 years depending 
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Fig. 14. Some quantitative and qualitative characteristics of the different types (I-V) of 
population life-history discussed in this paper. 
(A) Life-form: arrows, vegetative shoots; arrows with circles, reproductive shoots; heavy 
black lines, dead shoots. Type of self-maintenance is shown in the upper right corner: s, 
seminal; v, vegetative. 
(B) Seed production perplant (genet), on a logarithmic scale: open columns indicate poten
tial seed productivity, the closed columns, actual seed productivity. 
(C) Coenopopulation provision for regrowth, indicated by the number of juvenile and 
immature plants as a % of the total number; open columns indicate seed progeny and the 
closed columns indicate vegetative progeny. 
(D) Duration of the ontogeny (years). 
(E) Balance lability. 
(F) Half-life of coenopopulation (years). 
I, Potentilla cinerea; 2, Centaurea sibirica; 3, Koeleria macrantha; 4, Festuca beckeri; 5, Stipa 
pennata; 6, Artemisia campestris; 7, Onosma simpliccissimum; S,Euphorbia seguieriana, 9, 
Helychrysum arenarium; 10, Seseli ledebouri; 11, Scorzonera ensifolia; 12, Syrenia sessi!iflora; 
13, Alyssum tortuosum; !4, Alyssum lenense; !5, Carex supina. 
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on environmental conditions. This factor accounts also for the Observa
tion that most partial tufts in coenopopulations were renewed during our 
observation period (197Q-1979): the balance lability was 0.94. The coeno
populations of this species are characterised by a relatively high dynamics 
of number and age-state composition of partial tufts. The main causes of 
lability are: (a) sporadic formation of partial tufts, (b) their rather high 
death rate and (c) their relatively rapid ontogenetic development. Coeno
populations of Carex supina are extremely persistent because of their high 
lability: the species has the ability to utilize rapidly the favourable con
ditions that occur occasionally in the dry steppes. 

CONCLUSIONS 

The demographic analysis of steppe plants has shown that a plant com
munity consists of coenopopulations with different types of dynamic 
behaviour. Some quantitative and qualitative characteristics of the five 
types considered in this paper are summarised in Fig. 14. In species whose 
coenopopulations are maintained by seeds (Types I-IV), the following 
parameters increase from Type I to Type IV: (a) potential and actual seed 
productivity, (b) the participation of juveniles in the populations, (c) the 
turnover rate (dynamics of numbers) and correspondingly plant death 
rate. The duration of plant ontogeny is reduced in the same sequence. 

In this paper we have attempted to review some representatives of the 
diverse types of population biology that may be observed among species 
living together in a plant community. Since, as we believe, plant mor
phology and ontogenetic development largely account for the population 
behaviour of species, the thorough investigation and description of plant 
life cycles using the insights and techniques of plant morphology are 
indispensible to population studies (Serebryakov 1962, White 1979). These 
studies promise to reveal the manner in which plant communities are 
structured as integrated living systems. 
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