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Plant species associations in alpine-subnival vegetation patches
in the Central Caucasus
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Abstract. Patches of herbaceous vegetation found at the bound- interspecific associations have developed in the vegeta-
ary of the alpine and subnival belts in the Central Caucasus tjon patches and whether such associations play a role

(3000 m) were analysed for species composition, interspecific i the formation of species composition.
associations, as well as for relations between age, size and

diversity of the patches. 34 plant species were recorded. Posi-
tive and negative associations were found among the most
frequent species. A model is presented that describes the
cumulation of species in patches during succession. In the
final and stable successional stage, the maximum number of ~ Investigations were carried out at 300G.s.|. near
species within a patch was nine. the Mamisoni Pass (498'E, 43 99'N) in August and
Species composition varies in patches of different age, September 1989. The climate of the area is humid, with
typical alpine species being more frequent in older ones. The short cool summers and long severe winters. The grow-
result§ are mterpr.eted as ev@gnce for niche dlffgrentylathn and ing season starts at the end of June and lasts for only 10
selection of species composition through the ‘sieve’ of inter- ooy s The average temperature for January is ca. —
specific relations, taking place during succession in the stud- o .
ied patches. 12 .C gnd for_ July and Aggust ca. ‘1(D average pre-
cipitation during the growing season is about 260.
The studied vegetation patches are situated on a
Keywords: High-mountain vegetation: Interspecific relation; ~ terrace on the edge of the main range at 3000 m. This
Niche differentiation: Succession. terrace includes ca. 606% of skeleton soil surface
covered with vegetation patches of mostly elipsoid shape,
Abbreviations: FO = Frequency of occurrence; FC = Fre- which are more or less regularly scattered over the
quency of contacts; NS = number of species; MD = Mean terrace. | have investigated 110 vegetation patches and

Study area and Methods

diameter. performed separate relevés in each. The following data
were recorded in addition to the species composition:
Nomenclature: Sakhokia & Khutsishvili (1975). - MD, Mean diameter, calculated as the geometric mean

of the largest and shortest diameters of a patch;
- NS, Number of species in a patch.
Introduction The relevés were combined into a table; the following
values were calculated for each species:
Increased severity of environmental conditions at - FO, Frequency of occurrence;
higher altitudes causes a fragmentation of the continu- - FC, Frequency of contacts; a contact is defined as the
ous vegetation cover of alpine meadows. Similar to the joint occurrence of two species in the same patch, mean-
timberline, there is a ‘meadowline’, occurring at a fixed ing that all the species in a patch were considered
altitude, which serves as a demarcation line between the neighbours (Table 1).
alpine and subnival belts. In the Central Caucasus the  From these data,?2 contingency tables were con-
meadowline occurs at 3008100m (Nakhutsrishvili & structed and the data were analysed following Turking-
Gamtsemlidze 1984). The patches of this fragmented ton, Cavers & Aarssen (1977)2 values for inter-
vegetation typically contain both alpine and subnival specific associations were calculated in the usual way
species, as well as those showing a wider altitudinal using Yate's correction (Yarranton 1966). If the contin-
range. On the whole, the species composition is poor, in gency table has a large value for cHi.e. both species
comparison with that of alpine meadow communities.  absent) species associations tend to be positive, anless
The aim of this study was to elucidate whether (frequency of cases with both species present) is zero.



298 Kikvidze, Z.

To avoid this complication, associations of infrequent Table 1. Statistics on plant species found in alpine-subnival

species, i.e. with F& 35 were not calculated. The vegetation patches: FO: Frequency of occurrence; FC: Fre-
results of this analysis were confirmed using the asso- duency of contacts; _FC*: theoretical values calculated from
ciation coefficient of Cole (1949) as modified by Hurlbert e régression equation, see text.

(1969). Both methods gave similar results. For most
purposes thg? method has been used.

Species FO FC FC* Altitudinal range

Frequent species

Minuartia aizoides 75 243 277  Alpine-subnival
Potentilla crantzii 47 202 175 Alpine
Results Poa alpina 41 125 155  Subalpine-subnival
Campanula biebersteiniana58 190 144  Alpine-subnival
Interspecific associations Anthemis rudolfiana 37 169 141  Higher alpine
Festuca ovina 31 148 119 Alpine

. . . Veronica gentianoides 27 100 105 Subalpine-subnival
34 plant species were found in the vegetation patches Aetheopappus caucasicus 26 74 101 Alpine-subnival

according to Sakhokia & Khutsishvili (1975) and  Alchemilla sericea 19 95 76 Subnival
Dolukhanov (1968) are also indicated. The average Anemone speciosa 12 56 51  Alpine
values of FO and FC are 3417 and 5& 64, respec- g?sgzsﬁgﬁigg’a”a 12 gg gg Z‘:)ti’:;‘fghbnival
tively. Theoretically, there is a positive relation between  arenaria lychnidea 6 36 30 Alpine (talus)
FO and FC: the higher FO, the higher FC is. The

regression equation is actually: Infrequent species

33 30 Alpine

28 30  Subnival

27 26  Alpine-subnival

17 26  Alp.-subniv. (talus)
23 23 Alpine

18 19  Alpine

18 19 Alpine

23 19 Alpine

16 19 Alpine

Luzula spicata
Symphyoloma graveolens

FC=8.18+5.58 FO;2=0.92 (1) Matricaria caucasica
Saxifraga exerata
However, several species deviate strongly from this iatfﬁx ”_'St,'s )
. . . ‘g . ntnemis 1perica
relation, sh.owmg FC significantly higher or lower than Kobresia schosnoides
the theoretical values calculated from the above regres- polygonum viviparum

sion equation. Some species are most frequent in patchesTaraxacum confusum

with higher NS-valuesCampanula biebersteiniana \T/ steveni . o Q:P!“e

. - . . m accinium vits-idaea pine
Festuca ovinaMyosotis angstn,sPotentlIIg crantzij Campanula ciliata 14 15 Alpine
others are more frequent in patches with lower NS- pegicularis crassirostris 13 15 Alpine
valuesAetheopappus caucasic@@mpanula saxifraga Pulsatilla violacea 13 15 Alpine

Poa alpina This may imply that different combinations

Saxifraga kolenatiana

P RPRPRPNNMNNNOOOWWWNT OO o
=
w
=
©

Alpine (talus)

. . . . Gnaphalium supinum 1 12  Alpine (talus)
of species occur more frequently in patches W|th high Helictotrichon asiaticus 3 12 Alpine
NS-values, which in its turn would mean that species are potentilla gelida 3 12  Subnival
replaced by other species during succession (see be-Thlaspi pumilum 6 12  Subnival

low).

FO-values of species may be taken as a function of
their abundance. The frequency distribution appeared to
be satisfactorily approximated by a log-normal relation
(Fig. 1), which may indicate that interspecific associa-
tions determine the species distribution to some extent.

Species with FC-values35 could not be analysed
because of their low frequency. Therefore, the species
were divided into two groups:

(a) frequent or with FG 35: 15 species (Table 1);

(b) infrequent species with FC35: 19 species.

The altitudinal range and, accordingly, the ecological
characteristics of species differ considerably within and
between these groups. The frequent species are pre-
dominantly represented by plants of a wider ecological
range (8 of 15 species). Typical alpine plants are also
involved, with five species, while typical subnival spe-
cies are few, with only two. The group of infrequent
species is ecologically more homogeneous; this group

Log [FO]

Fig. 1.Frequency distribution of plant species occurrence, FO,

in vegetation patches.

Do
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consists predominantly of typical alpine meadow spe-
cies (14 out of 19). Three species can be considered
subnival and only two species have a wider altitudinal
range.

The results of the association analysis are shown in
Table 2. Five speciesAndrosace albanaAnemone
speciosa Draba hispida Poa alpina and Veronica
gentianoidesshow a statistically significant (positive
or negative) association with one another.

Two central species aftampanula biebersteiniana
and Potentilla crantzij showing interspecific associa-
tions with eight and six other species, respectively. The
other species occupy middle positions in this range.
However, no relation was found between FO and the
number of associations?€ 0.14).

Succession

In connection to succession there should be a rela-
tion between NS, as a parameter for species diversity,
and MD, as a parameter for age. The statistical distribu-
tions of both values are similar, with coefficients of
asymmetry equalling 080.2 and 0.% 0.2, respectively,
for NS and MD (Fig. 2). Mean NS ist£.3 species per
vegetation patch and MD averagesB57cm. Hence a
relation between the two variables may be suggested.

The relation can be analysed and modelled on the
basis of the following observations and considerations:
NS is higher in larger vegetation patches, i.e. with
higher MD. However, increase in NS is limited by the
carrying capacity, or the maximum number of ‘vacan-
cies’ for species in a community. We assume that the
probability of the increase in NS with an addition of a
new species is determined mainly by the difference
A - NS, or the number of ‘vacancies’ at the given stage.
Then the increment of NS during the growth in size of
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Fig. 2. Frequency distribution of number of species, NS, and
mean diameter, MD, in alpine-subnival vegetation patches.

vegetation patches is expected to be proportional to the
probability:

d[NS]/d[MD] = (A-[NS])k )
wherek is the proportionality coefficient of the prob-
ability of the growth of NS per cm of MD.

Integration and simple algebraic conversions give:

Table 2. Significant interspecific associations detectegibyanalysis; + positive: negative.

Mai Pcr Pal Cbi Aru Fov Vge Aca
X . .

Minuartia aizoides
Potentilla crantzii
Poa alpina .
Campanula biebersteiniana .
Anthemis rudolfiana
Festuca ovina

Veronica gentianoides
Aetheopappus caucasicus
Campanula saxifraga
Alchemilla sericea
Myosotis alpestris
Anemone speciosa
Androsace albana

Draba hispida

Arenaria lychnidea

X +++

+

++

Csa Ase Mal Asp Aal Dhi Aly

.
+.+
p < 0.05

p<0.01
p < 0.001
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[Ns] Table 3. Distribution of plant species in the vegetation
9 + patches with different number of species.
8 + 4 Col. 1: Pioneer stage (NS = 2); Col. 2: Seral stage (NS45;3
7 Col. 3: Climax stage (NS =-8).
6 + Species % patches containing the species
5 +
44 1 2 3
3+ Minuartia aizoides 64 67 70
2+ Potentilla crantzii 4 31 74
' Poa alpina 28 49 35
b Campanula biebersteiniana 0 26 65
Y £ Anthemis rudolfiana 0 26 65
3 8 13 18 23 28 33 38 43 48 i
[MD], em Festuc_:a ovina 0 19 54
Veronica gentianoides 4 26 61
Aetheopappus caucasicus 28 31 14
Fig. 3.Modelling the relation between number of species, MS, ~Campanula saxifraga 36 26 7
and mean diameter, MD, in vegetation patches. ’&'Che":_'”a Iserliga 8 g gg
= = Mean values of class intervals. Numbers above symbols > 0S01s Ipestrs
- . Anemone speciosa 0 9 20
show statistical weight of each mean value. Androsace albana 4 0 20
Draba hispida 0 2 12
Arenaria lychnidea 0 2 11
Number of infrequent species 11 13 32

ally divided into three age groups:

(a) younger ones containing 2 species (25 patches);
[NS] = A{l—eXp(—kE[MD])} 2 (b) medium ones with 3- 4 species (42 patches);

(c) older ones with 5-8 and more species (43 patches).
The equation represents an exponential hyperbolic func- ~ FO-values for frequent species in these three groups
tion without extremes or turning points at NS >0 and are presented in Table 3. FO-values for infrequent spe-
MD > 0, asymptotically tending to the limit (NS) A cies are not included; instead, their total numbers per
The model can be fitted by choosing the highest coeffi- patch type are given. As one can see, species show clear
cient of correlation between the observed data and the differences in their distribution throughout the age groups
values calculated theoretically from the regression indicating succession in the vegetation patches.
equation NS A — A*x, wherex = exp(—k+*MD), for
different values ok. This gives (Fig. 3):

Discussion
[NS] —9{1—exp(—0.45E[MD])} (3) The species may be divided into two groups: (a)
frequent species showing statistically significant inter-
(r2=0.98). Hence, a close approximation is obtained. specific associations, and (b) infrequent species without
However, it should be noted that the relation is statisti- such relations. The low FO-values and predominance of
cal, i.e. it can be found when a significant number of alpine meadow plants in the latter group may be ac-
records are ranked in class intervals and the relation counted for by the occasional occurrence of these spe-
between the means are estimated. cies over their ecological range. On the other hand, the

The main idea of the model is that vegetation patches larger ecological heterogeneity of frequent species may

are gaining new species while growing in size, conse- be explained by the boundary position of the studied
quently, both NS and MD can serve as a measure of vegetation patches between alpine and subnival belts.
vegetation patch age. The relation between size and ageThe rarity of typical subnival plants may be due to the
is used, e.g. for dating of moraines by means of size relatively low altitude of the study site and the neigh-
measurements ofilene acauliscushions (Benedict bouring influence of the West Caucasus which is char-
1989). | preferred to use the value of NS, since it is acterized by a poor subnival flora - the Mamisoni Pass is
directly related to the diversity of species composition. the west point of the Central Caucasus. In turn, the high
Accordingly, the vegetation patches may be condition- frequency of eurytopic species may indicate extreme
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ecological conditions.
There is clear evidence for a succession taking place
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vs.Arenaria lychnideaApparently, competition in these
pairs is due to a similar strategy and life form: the last-

in the vegetation patches, where species composition is mentioned four species build loose cushions.

selected through the sieve of interspecific relations:

1. The frequent species show statistically significant

associations.

2. The maximum number of species in a vegetation

patch, the ‘carrying capacityA] as estimated by means

of the regression model, equals 9, which is significantly

lower than the total number of recorded species, even
considerably less than the number of frequent species,

suggesting a strong selection and substitution of species Aetheopappus Caucasicus.

through successional stages.

3. FO-values for different species vary strongly in veg-

etation patches of different age (Table 3).
Consequently, the species can be arranged into four

types according to their relation to succession:

- highly frequent at every stage, ‘dominant type’, repre-

sented byinuartia aizoides

- species found predominantly at the pioneer stage,

‘pioneer type’, represented b@ampanula saxifraga

and, to some extent, also Bgtheopappus caucasigus

- species found mostly at an intermediate stage, ‘seral

type’, represented lyoa alpinaand parthAetheopappus

caucasicuandVeronica gentianoides

- species found mainly in the final stage, ‘climax type’,

The second type of negative association may be
attributed to the competition between plants of subse-
quent successional stagésamples:

vs. Potentilla crantzii
Campanula biebersteiniana
Anthemis rudolfiana
Festuca ovina

Alchemilla sericea
Potentilla crantzii
Campanula biebersteiniana

Campanula saxifraga

Positive associations in most cases may be explained
by the growing together of species with different life
forms and/or strategies. For instance, maintenance of
favourable conditions can be provided for the germina-
tion and growth of plants in the cushions built up by
other plants. This is the case wifbronica gentianoides
in cushions oMinuartia aizoidesAndrosace albana,
Alchemilla sericeaeand Campanula biebersteiniana
cushions ofPotentilla crantzij Alchemilla sericeaand
Myosotis alpestrisn cushions ofArenaria lychnidea
Similar positive relations have been reported for severe
environments, for instance in arid communities in cen-

represented by all other frequent species and especially tral Mexico between cacti and ‘nurse’ shrubs (Valiente-

by alpine meadow plants constituting the majority of
infrequent species (Table 3).

No interspecific associations were observed in the
vegetation patches of the pioneer stage. At the seral
stage the dominant species, iMinuartia aizoides
shows positive association witferonica gentianoides,
while a negative association is found between
Aetheopappus caucasicandPoa alpina Most of the
associations are found in the final stapdinuartia
aizoides shows negative associations willtenaria
lychnidea Draba hispidaandPotentilla crantzii Posi-
tive associations occur quite frequently among almost
all climax species; most of the positive associations are
shown by the frequent speci®otentilla crantzij
Campanula biebersteinianalchemilla sericeaand
Myosotis alpestris

Negative associations may be of two kinds: the first
type is due to competition between ecologically equiva-
lent species. This may result in the exclusion of one
species by another without changing the ecological niche
structure in the community. The second type reflects the
substitution of species during succession and is con-
nected with niche differentiation. Obviously, the first
type particularly includes negative associations between
species of the same successional stage, su€toas
alpina vs. Aetheopappus caucasicusr Minuartia
aizoidesvs. Potentilla crantzij vs. Draba hispidaand

Banuet et al. 1991).

Certain specific plant interactions in these alpine
vegetation patches may imply a selective ‘sieve’ for
nearby potential invaders, This may explain why many
abundant species of alpine meadows at the same altitude
such asSibbaldia parviflora Geranium gymnocaulon
andPhleum alpinuntan not penetrate into the vegeta-
tion patches, whereas species sudbadsntilla crantzij
Anthemis rudolfiana Festuca ovinaand Anemone
speciosaoccur there frequently.

Considering the ecological properties of the species
which are replaced during succession, one may con-
clude that the survival conditions within vegetation
patches change considerably for many plant species
with growing age of the patch, with a trend of facilitat-
ing the invasion of more specialised alpine species. This
may explain the significantly increased frequency of
typical alpine species in the climax stage. It is remark-
able thatCampanula saxifragavhich occurs in pioneer
patches is a petrophyte, wherdaampanula bieber-
steiniana which substitutes the former species in cli-
max patches, is a typical species of alpine carpets and
meadows.

Hence, the ecological conditions, predominantly the
soil structure, change during the growth and formation
of patch communities. Similar developments were found
by Ohsawa & Yamane (1988) in patch communities on
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maritime rock outcrops.

Conclusion

The results of this analysis demonstrate that vegeta-
tion patches at the boundary of the alpine and subnival

belts possess the principal properties of ‘real’ plant
communities, including interspecific relations and suc-
cession with niche differentiation. The quantitative sim-
plicity and simultaneous presence of communities of

different age make them a convenient model for ecosys-

tem research.
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