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Bio-geographical interpretation of climate data
in Latvia: multidimensional analysis
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Abstract

Data of the Climate Atlas of Latvia were analysed for biogeographical interpretation of climatic
parameters using regular geographic grid system (with 263 cells sized 15.2<18.6 km). For
cach grid cell values of 25 climatic parameters were determuned using the Chimate Atlas.
Additionally, height above the sea level and distance from the sea were measured using
topographical maps. Most important climatic parameters were determined using multivaniate
analysis. As a result, Latvia was divided into sectors of continentality, as well as zones with
different sums of effective temperatures and amount of precipitation were delimited.
Influence of the Atlantic Ocean and the Baltic Sea results in expressive western-eastermn
gradient of continentality and ameunt of precipitation. Southern-northern gradient is ob-
scxved In temperature regime of a warm scason. The most important factor mfluencing the
diversity of vascular plants is climate continentality. Densitv of localities of continental and
oceanic species, as well as biogeographical ines — A.Rasing's and K. Kupffer's phytogecgraphi-
cal borders — have close relationship with sectors of continentality.

Keywords: Continentality, effective temperatures, precipitation, multivanate analysis, Latvia

INTRODUCTION

Distribution of terrestrial plants and animals depends on different envirorunental
factors among which the climate 1s of particular importance (Dahl 1921; Kotilainen
1933; Tuhkanen 1980). Climate involves long-term periodical changes of a set of
environmental factors such as temperature, precipitation, wind a. 0. As a rule, species
geographical distribution is detenmined not by a sigle clirnatic factor but by a complex
of factors. Therefore, maps of distribution of simple chmatic parameters mostly are
weak predictors of distribution of blota on a regional scale and integrated climate
indicators should be worked out.

Elaboration of integrated climate indicators, which could be used in geographical
districting, 13 of particular importance nowadavs in the context of changing global
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climate. Such mdicators could be used 1n prediction of regional changes i biota and
have practical significance 1 agricuiture, forestry and nature conservation. Due to
big differenees in climate of various regions of the world, evidently not a unified
indicator svstem exists. Each region should have different indicator system. At the
same time, 1t does not exciude using of common principles and approaches in the
selection of the indicators.,

There are several kinds of climatic indicators in biogeography. Most frequently
used are sums of effective lemperatures (e. g. temperatures above +5 “C), sums of
precipitation, ratio precipitation/evaporation, aridity mdex as ratio of precipitation and
temperature, departures from many-year mean temperature a. o. However, these
indicators provide satisfactory prediction mainly on a large geographic scale, such as
biomes and naturc zones, and they can not be used on a regional scale (Tuhkan.en 1984).

Air temperature and moisture, and interactions between these factors within the
landscape are known to be vitally important for the biota, but at the same time biota in
particular vegetation has also backward 1mpact on the regional climate. Interactions of
climatic factors and biota have been widely investigated all over the world (Tuhkanen
1980; 1984; Koxapunos 1989). In Latvia, studies have been performed in two direc-
tions. Firstly, relationships between some climatic characteristics (minimal air tem-
perature. January mean temperature) and distribution of selected plant species (Taxus
baccate and Erica tetralix) have been studied (Kupffer 1911; Rieksting, Latving 1984).
Secondly, possibilities of using various mtegrated characteristics as indicators of
continentality and oceanahty of cimate such as hydrothermical coefficient and ampli-
tudes of temperature and precipitation have been studied with the aun of clinatic
districting of the territorv considenng implications of plant species distribution (Zemite
1947; Temuuxosa 1957; Rasing 1962; Pacuusw 1960; 1964).

Complexity of interactions of various chimatic factors responsible for species re-
gional distribution implies using of multidimensional methods in selecting of climatic
idicators. Most suttable for this purpose are methods of Factor Analysis, Principal
Component Analysis (PCA), and Cluster Analysis. PCA has becn most widely used
as 11 tool of searching for hidden complex variables within a data set and erdination of
variables and objects within the space of these hidden factors. Cluster analysis is
being used for classification of varahbles and objects on the basis of similarity and
distance metrics. Selecting of climatic indicators evidently demands both approaches.
Method combining PCA and cluster analysis is the oblique component cluster analy-
sis (Harman 1976). This paper discusses the use of this method in the analysis of
climatic parameters of Latvia,

The mam ohjective of our research 1s to study climate data as the multidimensional
system, irying to identifv the most informative group and its terntorial diversification.
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MATERIAL AND METHODS

Climatic data

In order to study chmate parameters from bie-geographic viewpoint the Climate
Atlas of Latvia (it was compiled, summarizing datz of meteorological cbservations
fixed until the year 1968} {Qomuna 1972) was used. Climate parameters were taken
from 263 cells (15.2x 18.6 km) of regular geographic gnd, usually used for inventory
and mapping of localities of plant species. Values of 25 climate parameters {minimal,
maximal and an average temperature of January, July and a whole year, absolute
minimal and maximal temperature, quantity of precipitation in warm and cold season
and in a year, sums of active temperatures, etc.) were determined from the Atlas
maps for each cell. According to the topographic map the absolute height of cell and
the shortest distance to the sea were fixed, as well.

Multivariate analysis

VARCLUS is a type of oblique component cluster analysis related to multiple
group factor analysis (Harman 1976; Anonymous 1988). The VARCLUS procedure
divides a set of variables inte non-overlapping clusters in such a way that each cluster
can be interpreted as essentially unimodal. For each cluster, VARCLUS computes
the first principal component and tries to maximize the sum across clusters of the
variation accounted for by the cluster components. A given number of cluster compo-
rents does not generally explain as much vanance as the same number of principal
components, but the cluster components are usually easier to interpret than the
principal compenents, even if the latter are rotated.

Interpretation of clusters has been performed by using cluster summary {Table 1)
andl cluster hsting (Table 2, 3). The cluster summary gives the numbers of vanables
in each cluster and the variation explained by the cluster component. The propor-
tions value i1s obtained by dividing the varance explained by the total variance.

Tabie I
Cluster summary for 4 clusters calculated by oblique component
cluster analysis for climatic data of Latvia

- [ I S
Custer | Members | gl | Gt | Eaplasen
1 15 15.0 11.364 0.437
2 6 6.0 4.697 0.181
3 3 3.0 2.100 0.081
4 2 2.0 1.241 0.048
Total 26 ! 26.0 19.402 0.747 |
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The cluster structure (Table 2) gives the variables in each cluster, correlation
coefficient {loadings), Rﬂwn Cluser of each vanable with the first cluster component for
each cluster, the next highest corrclation Ry ., ofthe v?riablc with c]u/ster num-
ber of which 1s given in parenthesis, and ratio of (1-Rq,, cumer (1R v closest)
characterising “position” of the variable within the system of clusters. Considering
the three parameters mentioned above it is possible to judge about “importance’of a
particular vanable in the cluster. The higher the REO“.n cluser- a11d the lower the ratio,

the most meapungful is the variable in mterpreting the cluster.

Table 2
Structure of 4 clusters calculated by oblique component cluster analysis
for climatic data of Latvia

R (LR tn cier ¥
Variable R oo R 1Ry )
Cluster 1
January mean temperature —0.975 -0.473 4) 0.0636
Year mean temperature 0.928 0.386(4) 0.1622
Absolute minimal temperature —(2.848 —0.466 (4} 0.3583
Number of days with temperature above 0 C¢ —(1.528 -0.234 (4} 0.7628
Number of days with temperature above 5 C¢ ~-0.790 0.312(2) | 0.4166
i Water content in snow cover before melting 0.919 0.250 (4) 0.1638
i Number of days with snow cover 0.957 . 0.293 (4) 0.0932
I Maximal depth of soil freezing 0898 1 0.5934) 0.2977
; Depth of freezing of loamy soil 0.981 : 0.501 (4} 0.0496
Depth of freezing of loamy soil 756% P 0.975 0.501 (4} - 0.06b7
Depth af freezing of loamy soil 1% P 0.945 (0.502 (4} 0.1425
I Number of days without frost —0.628 0.538(2; 0.8796
! Absolute air minimal mean temperature —.919 —0.450 (4) 0.1314
Height above the sea Jevel {.791 —0.127(2) 0.3799
Distance from the sea 0.797 0.480 (4) 0.4748
Cluster 2
« Number of days with temperature above 10 <C 0,927 . 0.368(4) 0.1623
Number of days with temperature above 15 °C 00.936 0.593 (4} 0.1903
Sum of mean air temperatures above G- 0.594 —0.400 (1) 0.7703
\ Swn of mean air temperatures above 5°C 0.903 -0.303 (1) 0.2039
* Sum of mean air temperatures above 10°C 0.966 0.407 {4 0.0813
Sum of mean air temperatures above 15°C | (.928 ‘ 0.603 (4) 0.2183
Cluster 3 i
Precipitation in summer 0.613 |  0.483(1) $.8198
I Precipitation in winter 0831  -0.475(1) 0.2893
1 Year's precipitation 0.974 | —0.359 (4) 0.0589
Cluster 4
i July mean air temperature 0.788 0.523(2) 0.6262
Absolute maximal temperature 0.788 0.190 (2 0.3935
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Correlation of cluster components is reflected by Inter-Cluster Correlation niatrix
(Table 3).

Correlation matrx was used in the analysis. Qutput matrix of standardized scor-
ing coefficients and standardized data matnx (mean=0, variance -1} was used as
input data to SAS procedure VARCLUS for calculation of components scores. Values
of components scores assigned to the coordinates of the regular geographical net-
work, and charts of spatial distribution of “weight” of cach cluster component were
produced by using Microsoft Office EXCEL (Fig. 1-4). Prior to mapping the range of
variation of score values was spht 1n 4-5 classes of equal size.

Table 3
Inter-cluster correlations calculated by oblique components
cluster analysis for climatic data of Latvia

Clustm: 7 1 2 3 ‘ - 4
1 1.00000 —0.03583 -0.11894 0.43573
2 1.00000 —.27315 0.45571
3 1.00000 -0.33836
4 1.00000

RESULTS

o order to figure out the most informative climate data and to study out their
territorial differentiation the first four clusters which explain 75% of dispersion of
data matrices were used (Table 4).

The most nmportant group of changing climate indications in Latvia (48% of total
dispersion} are air temperatures of winter and variables related to them (Table 2).
The level of climate continentality and its growth in the eastem direction together
with increase of the distance to the sea are characterized by minimal temperature of
winter montis, number of days with snow cover, depth of freezing of soil. According
to the heterogeneity of this most informative group (Table 4) four sectors of climate
continentality appear (Figure 1).

Low climate continentahty (iaritime climate) 1s fixed in Western part of Latvia
along the western and southern Baltic Sea coast and the Riga Gulf (terntory up to 50 km
from the sea inside the country). The area covers only 17% of the country's whole
terntory.

The Rietumkursa Upland, the Austrumkursa Upland and Rietumzemgale, as
well as narrow zone of the east coast of the Riga Gult lie in the sector of moderate
climate continentality (25% of the area of Latvia). The sector with medium chmate
continentality covers Ziemelvidzeme, a part of the Vidzeme Upland, Dienvidvidzeme,
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Tuble 4
An average level of most informative climate parameters in continentality sectors
li_T Alr temperature 'C T | L,aﬁ [ | g ) T
S L T
Level of | 4y ave- | ' An [ =R 3 5—; g =
CONtinen- e jpp Year's  Absolute  averag == Tz =5 £33 T2
tality }axiuary laverage minimal ‘minimal ; E § | § - z E: = ‘g s
mayear; < | £, 35z =® g=
| | Q= 3 @ W oW
. 1 i |ES|23|3,E|mE (o=
Weak -3.7 5.8 -33.6 =222 ! 384 ! 87 | 39 32 13
Muderate -5.2 5.5 -355 253 448 97 49 34 | 46
Medum 6.6 5.1 -39.6 -27.8 53.7 114 71 93 | 109
Strong -74 49 —0.5 -29.2 578 ; 123 ‘ 89 154 | 186
[F— - 1 _ |

Austnnmzemgale and the largest territory of the Alviekste Lands (35%). The highest
climate continentality is in Eastern Latvia (23%) - the Latgale Upland,
Austrumvidzeme, Austrumlatgale, and the central part of the Vidzeme Upland.

The next component (17% of dispersion) reflects rescurces of biologically active
warmth and duration of vegetation period. The best informative saurces are sums of
air temperature in the periods with the average air temperature above 7, 57, 10" and
15 € (Table 5). Rietumzemgale, Austrumzemgale, Aug$zeme and the Daugava
River valley (24% of the territory) are the warmest regions of Latvia with the longest
vegetation period, while the northern part of the Vidzeme Upland, Austrumvidzeme
and Austrumkursa {13%) are the coldest ones (Figure 2). The southwest part of
Latvia incl. the Latgale Upland and the Coastal Lowland (22%) has medium biolog)-
cally active resources of warmth. However, i large part of the country (419%:) these
indicators are moderale.

The quantity of precipitation represents ¢luster having insignificant informative
value (the third component, 6% of dispersion). After studying this component, the
country has been divided mto 5 regions (Figure 3) — the lowest level of precipitation

Tabiv 5
An average value of the most important climate data in sectors of warmth

- : _ } L
Sun of temperature in period, when an average day e
Lovel of and night temperature is: Number of days
warrith T T - -
t=0" : t>5 r= 1y ! =157 1> 10" 1> 1y |
| Slight 2306 2229 1317 254 130 53 ‘
Moderate 2412 2286 1891 Y50 132 H8 ‘
Medium 2456 2305 I 1982 1055 136 63 !
High 2500 2393 ;2035 1138 139 69
L— — — - S
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Continentality:

| ‘weak . medium

. moderate . strong

Fig. 1. Sectors of continentality obtained by procedure VARCLUS. Continentality classes have
been obtained by splitting the range of variation of score values of cluster component 1

’

Amaount of warmth:
; slight . medium

. moderate . high

Fig. 2. Zones of biologically active temperatures obtained by procedure VARCLUS. Classes of
amount of warmth have been obtained by splitting the range of variation of score values of cluster
component 2
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has been observed in the lee-side of Uplands — in Rietumzemgale and the Aiviekste
Lands (14% of the terntory), moderate volume — in the largest part of the territery
{46%), medium — in several elevated areas and slopes (20%), high level of precipita-
tion 1s on the hillsides and uplands lying opposite to the dominant west winds (179%),
very high level — in the central part of the Vidzeme Upland (3%} (Table 6).

Table 6
An average values of most informative climate data
in precipitation areas

Level of Precipitation, mm
precipitaion | warm months | cold months .

in arca (IV-X3 o | pervea
Low 463 214 666
Moderate 404 239 721
Medium 503 279 793
High 516 323 856
Verv high 583 324 909

The fourth component (4% of dispersion) is related to summer temperatures.
An average and maximal air temperature in the hottest summer month July are the
best informative indices (Table 7). In Vidzeme and the Zieme]vidzeme Uplands (13%
of the territory), there are the coolest summers; in the largest part of the Kurzeme
and Vidzemc Uplands (25%) summers arc modcrate cool: summers are moderate
warm in the largest part of Latvia (59%), while just in a very small part of central area
ofthe Augizeme Upland (3%) to the south from Daugavpils there are warm swnmers
{Figure 4).

Table 7
Air temperatures of July and character of summer

Climate Air temperatures, "C
of sumnier 3 l_]rlly average Absolute maximal |
Cool 16.5 ! 329
Moderate cool 16.5 34.2
Moderate wurm 17.0 ‘ 343
‘ Warm 170 | 36.0
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S
Amount of precipitation:

F ] low . medium S e
.modaraie . high
. very high

Fig.3. Distribution of precipitation obtained by procedure VARCLUS. Classes of amount of precipita-
tion have been obtained by splitting

the range of variation of score values of cluster component 3

Fig.d. Areas with different summer temperatures obtained by procedure VARCLUS. Classes of
summer temperatures have been obtained by splitting the range of variation of

score values of
cluster component 4
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DISCUSSION

Strong west-east gradient characterizes both climate continentality {basically de-
termined by the minimal tempceratures of winter manths) and distribution of precipita-
tion (first and third component, 54% of total dispersion) in Latvia. Continentality sec-
tors and areas with different volume of precipitation in Latvia are directly influenced
by climate factors of the Atlantic ocean and the Baltic sca. It testifies once again that
the chmate genesis of Latvia s determined by the air-streams from the sea intem-
perate latitudes (Temungora 1958; Zimitis 1956, 1963; Kalnina 1995). Cn the other
hand, the south-north configuration of uplands and lowlands piays an important role in
differentiation of chmate when moving away from the sea inside the continent.

The temperature regime of warm season is characterized by the south-north
gradient (second and fourth component, 21% of total dispersion) usually observed 1n
the middle and east part of Latvia, less — in Kurzeme and the western part of Latvia
due to the stranger influence of the Baltic sea. The largest sums of biologically active
temperatures and maximal temperatures of summer months are charactenstic for
the Middle-and Eastern Latvia to the south of the Daugava, Zemgale (western part
up to the Austrumkursa Upland), the Daugava River valley and the southern hillside
ofthe Latgzle Upland.

Latvia is situated in the area where the ocean climate meets the continental one:
i the western part there 15 a milder sea chmate while in the east the continental
¢limate dominates. The relevance between the climate sectorality and the biola in
Latvia is shown by prevalence of the rare plant specics of both oceanic and continen-
talarea, as well as by the most important phytogeographical boundaries,

In order to analyse the peculianties of species’ prevalence we have chosen 179
species of vascular plants. 94 of them have oceanic distribution area, 81 —continental
distribution area (appendix 1. In the geographical longitude zones with band width of
75 minutes we did a research on the density of the mentioned species with oceanic
and continental prevalence (in localities of 70.7 km?). The research was carmed out in
the termtory from the sea side to the castern border of the country. The maps elabo-
rated by 1. Fatare were used (Fatare 1992).

‘The major density of species with oceanic area 1s in a narrow littoral zone (width of
6 km) from Nida to Pavilosta — 17.7 localities of plant species within 70.7 km®. The
density decreases gradually if moving away from the coast into the country - Kurzeme
and Zemgale (Figure 3). There is an increasing density of localities of oceanic spe-
cics between Engure and Kemeni (6.0-6.8 localities on 70.7 km®) and along Vidzeme
coast of the Riga Gulf(4.8-5.1 localities). Further to the east the density decreases
aradually. Thus, the density of species localities increases if moving away from the
coast. It 13 more unsteady m the western part of Latvia mainly due to the local sub-
strate differences on the Kurzemne coast of the Riga Gulf.

The density of continental plant species in the direction to the cast and west
varies largely (Figure 6). Thercisa larger density in the very east of the country
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Density of localities of oceanic species
(number/70.7 km?)

00 - ; -
0 100 200 300 400 500

Distance from sea, km

Fig.5. Relationship hetween densilv of Jocalities of oceamc species and distance from
the sea

(6.0 localities on 70.7 km?), in the western part — the Latgale Upland and the Aiviekste
Lands — it decreases, however in the Vidzeme Upland, especially on its eastern and
western slopes there is an increased density again (5.7-6.5 localities). The lowest
density of continental plant species is in Kurzeme, while in the coastal zone it in-
creases rapidly (5.4 localities). The way of fluctuations is connected to the local
geographical structures —ranges of hills and eskers (Greblis Hill, Numerne, Madona-
Trepe Earthwork, Lielie Kangar and Ogre Kangari, etc.), the river valleys (the
Daugava, the Gauja, the Lielupe, the Venta, the Abava, manly) and dolomite out-
crops, which have appropriate cenditions for prevalence of continental species. On
the coast, the favourable conditions for continental species are securcd by open
sandy termitonies, which become very hot dunng summer days and clull during mghts.
Thus, the sites with more continental niicro- and meso- climate of the day and the
season take shape. The salty substrate favours prevalence of several continental
species along the coast, as well.

Prevalence of the ocean and continental species in Latvia depends on climale
parameters, cspecially on temperature amplitudes and minimal temperature, fluc-
tuation of temperature in the coastal zone in the west and 1nland termtories in the east.
It affects mostly the oceanic species which have larger density in Piejiira, Kurzeme
and Zcemgale and less on the cast line Aloja-Sigulda-Kegums-Skaistkalne. This coin-
cides largelv with a border between Eastern and Western subprovinces of the East-
ern Baltic phytogeographical province proposed by A.Rasins (Pachsbw 1964). This
line was drawn taking into consideration the changes in amount of occanic species.
K Kupfter (Kupffer 1925) took into consideration the decrease in total nunber of vas-
cular plants and drew the linc separating subprovinces of #ie Rakic flora proyvifice:
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Fig. 6. Relationship between density of localities of continental species and
distance from the sea

Zaiceva - Rézekne — Kraslava. The phytogeographical line of A.Rasing coincides
with the zones of temperate and medium continental climate, while the line of K.Kuppfer
coincides with the zones of medium and strong continental climate (Figure 7).

\LS Continentality:

I weak . medium

. moderate . strong

Rasips's line

Kupfler's line

Fig. 7. Continentality of chmate and biogeographical lines in Latvia. Explanations see m Fig.l
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The vanations in amount of localities with species of oceanic and continental area,
as well as the compatibility of A Rasing’s and K.Kuppfer's phytogeographical lines
with borders of continental climate show the essential west-cast gradicnt as far as
climate, biota and conditions of forests’ growth concerns (3amrrie 1983).

Thus, the analysis of integral climate parameters clearly shows that the differen-
tiation of cimate parameters 1s much stronger in the west-east direction than in the
north-south direction. The same is true for differentiation of biological diversity, which
is mainly connected with the east-west gradient of continentality (Kupffer 1925;
Pacuunin 1964).

As showed by the studies of climate data trends (Treiliba 1995; Laiving 1998;
Draveniece 2000; Lizuma 2000), during last 30 vears climate data have changed
essentially and clunate system in general has became less stable. We expect that
analysing data of the last decade and comparing with the results of the current analy-
sis could show changes in spatial distribution of climate parameters. The quantity of
changes would reveal climate transformation in Latvia in general and would be very
important in predicting dynanucs of biogeographic parameters.
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Klimata parametru brogeografiska interpretacija Latvija:
daudzdimensiyu analize

Kopsavilkums

Khimata parametru biogeografiskal interpretacijai izmantot: Latvijas klimata atlanta
dati regulara geografisko koordinatu tikla {15.2 x 18.6 ki, pavisam 263 $unas}. Katram
tikla taisnstirim, izmantojot klimatisko atlantu, atrastas 25 klimatisko parametru
vértibas, ki ari topografiskaji karté noteikts augstums virs jiras limena un attalums
no jaras. Ar daudzdimensiju analizes palidzibu Latvija diferencéta kontinentalitates
un nokrisnu apjoma sektoros, ki ari biologiski aktivo temperatiiru zonas.

Augu sugu daudzveidibu noteicodais faktors ir klimata kontinentalitate. Ar klimata
kontinentalitites sektoriem ir saistits sugu ar okeanisku un kontinentilu tzplatibu
atradnu blivums, ki ari svarigakas biogeografiskas linijas — A.Rasina un K.Kupfera
fitogeoprafiskas robezas.

Appendix 1

Oceanic species: Arra chaerophyllea, Ajuga pyramidalis, Alliaria petiolata, Al-
liwemr wrsinurn, Allium vineale, Anthyllis arenaria, Aphanes arvensis, Arclium newmorosum,
Armeria maritima, Atriplex longipes, Blechniom spicant, Bromopsts ramosa, Bromus
racemosus, Cardamine flexuosa, Carey davalliana, Cavex demissa, Carex hostiana,
Carexlepidocarpa, Carex pulicars, Centuneculus minimus, Circaea Iufetiana, Cladiem
mariscus, Drosera intermedia, FEleocharis multicaulis, Elytrigia junceiformis, Erica
tetralix, Eryngtum maritimum, Euphrasia micrantha, Equisetum telmatea, Gagea
spathacea, Galeopsis pubescens, Galium pumilum, Gerantwm dissectum, Hedera helix,
Holcus mollis, Hordelymus europaeus, Hormungia petraea, Hydrocotvle vulgaris, soetes
cchinospora, Juncus bulbosus, Juncus squarrosus, Juncus subnodulosus, Lathyrus
montanus, Linaria loeseli, Lolivm temulentum, Lotus uliginosus, Lycopodiella inundata,
Montia fontana, Myosotis discolor, Myasotis ramosissima, Myrica gale, Ononis repens,
Papaver argemone, Papaver dubium, Phlewm arenarium, Pilidaria globolifera, Pin-
guicula vulgaris, Polygonatum verticillutum, Polystichum acuelatum, Polystichum
lonchitis, Potentilla anglica, Ranuncudus baudotit, Ranunculus bulbosus, Raninculus
hederacens, Rununculus peltatus, Rhynchospora fusca, Rorippa sylvestris, Rosa
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rubiginosa, Rosa vosagiaca, Rubus plicatus, Salix repens, Saxifraga granulata, Saxifraga
tridactylites, Schoenus ferrugineus, Scirpus setaceus, Sedum sexangulare, Sesleria
caerulea, Scherardia arvensis, Symphytum officinale, Taraxacum palustre, Taxus
baccata, Teesdalia nudicaulis, Tilleea aguatica, Tragopogon heterospermus, Trifoltum
campestre, Trifolium dubium, Trisetum flavescens, Valerianella locusta, Veronica
catenata, Veronica hederifolia, Veronica montana, Vicia lathyroides, Viola litoralis,
Viola reichenbachiana, Zostera maring.

Continental species: Achillea cartiluginea, Agrimania pilosa, Allium schoenso-
prasum, Alopecurus arundinaceus, Androsace septentrionalis, Anemone sylvestris, Aster
iripolium, Astragalus danicus, Astragalus penduliflorus, Betula humilis, Blysmus rufus,
Bolboschoenus maritimus, Carex atherodes, Carex brunescens, Carex disperma, Carex
globularis, Carex heleonastes, Carex loliacea, Carex praecox, Carex rhizina, Carex
rhynchophysa, Carex suping, Cenolophium denudatum, Cenltaurea stoebe, Centaurenwm
pulchellum, Chamaedaphne calyculata, Cinna latifolia, Cnidivum dubium, Delphinium
elatum, Diphasiastrim complanatum, Draba remorosa, Dracocephalum ruyschiana,
Gagea erubescens, Galiumrivale, Galium trifidum, Galium triflorum, Glaux maritima,
Glycerig lithuamca, Gypsophila poniculata, Helichrysum arenarivum, Herminivm monor-
chis, Isatis tinctoria, Juncus atratus, Juncus gerardii, Koelena cristata, Koelerta glavca,
Lathyrus pisiformis, Ligularia sibirtca, Lonicera caerulea, Moehringia lateriflora,
Neothiante cuccdala, Nuphar punile, Onobrychis arencria, Ononis arvensis, Pedicularis
kaufmanti, Phleuwm phieoides, Pimpinella major, Flantago maritima, Polemonium
caeruleum, Polygonum viviparwm, Potentilla fruticosa, Pulsatilla patens, Rubus arcticus,
Rubus chamaemorus, Rumex pseudonatronatus, Ruppia maritima, Salix dasyclados,
Salix myntilioides, Sanguisorba officinalis, Saussurea alpinag, Senecio congestus, Silene
chloranthe, Silene otites, Spargantum glomeratum, Spergularia marina, Thalictrum
minus, Thesium ebracteatum, Triglochin maritimum, Trisetum sibiricum, Veronica
dillenii, Viola epipsila.
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Abstract

Distribution, habitat preferences and species composition of Cladium mariscus community in
Latvia was studied. The Cladium mariscus community was found in 26 lacalities, majonity of
which are concentrated in the Coastal Lowland where the most suitable climate for the species
1s found. The chimate data of Cladiem localities prove that the majority of Latvia's localities lie
within the thermochmatically optimal area of Cladtum mariscus. The main species habitats
are as follows: shallow lakes, different depressions, a dune slack, and springs. The following
variants of the Cladium mariscus community based on TWINSPAN analysis are distin-
guished: var. Scorpidum scorpaoides, var. Schoenus ferrugineus, var. typteum, var. Myrica
aale, var. Thelvpteris palustris, and var. Sphagnum. All the variants were assigned to the
Asgaciation Cladietum marisci All.22. The main vegetation gradient reflected by the DCA
was explained by wetness. The best examples of the Cladietum marisciin Latvia were found
in large shallow lakes, where Cledium formed monodominant stands. Therefore, the Cladie-
tum marisci in Latvia is to be included n the Alliance Phragmition. Water chemical characte-
nistics of six lakes hosting Cladium mariscus ir presented.

Key words: Cladiem muniscus, habitat preferences, vegetation classification, ordination

INTRODUCTION

The Cladiwm mariscies community has always been a popular study object in
Europe and the most comprehensive paper on Cladietum marisci is pubhished by
Balatova-Tuli¢kova (Balatova-Tulackova 1991). However, no data on Cladieturm ma-
risci in Latvia or in other Baltic States were used in this paper as it dealt only with the
data from the main distribution area of the species. The main distribution area of
Cladium mariscus lies within Central Europe {(Meusel 1965), but in Latvia, the
species grows close to the eastern limit of its distribution (Fatare 1992}, Despite the
fact, that many Cladium mariscus localities in Latvia are well known, the community
descriptions are quite few. There 15 a2 publication on mire vegetation in Latvia that
includes descriptions of Cladietum marisci (Pakalne 1994), but it concerns ouly a
couple of localities in Latvia. Recently, the Cladietum marisci in Buénieku Lake has
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been descrbed (Engele pers.com.). Meanwhile, the studies of water chemstry of

lakes hosting Cladietum marisci in Latvia have not been made so far. The aim of the

study is to describe the Cladium mariscus comumurity 1in Latvia, its distribution and

floristical composition and also to analyse habitat preferences of the community. Spe-

ciftc questions addressed were:

1) Do Latvian localities lie within the thermoclimatically optimal area of Cladinm
MATISCUS?

2) Do local conditions favour the survival of the most continental localities of Cladiim
mariscus i Latvia?

MATERIALS AND METHODS
Sampling method

The studies presented in this paper were carried out in June and July 1999.
Twenty-six localities of Cladium mariscus are known in Latvia and 16 localities have
been visited. Information about the rest of them was obtained from personal commu-
nications.

The stratified random sampling {Causton 1988) followed by the Braun-Blanquet
approach (Mueller-Dombois & Ellenberg 1974) (relevés of 1 m® size in the floristi-
cally homogeneous area) was used in the vegetation data sampling. The full data set
counsists of 152 relevés from 16 sites with a total of 109 species. All of the vascular
plant and moss species were recorded, estimating their approximate cover in per-
centage.

Nomenclature follows Gavrilova ef «l. for vascular plants (Gavrilova, Sulcs 2000)
and Abolina - for bryophytes (Abolina 2001). Syntaxonomy of the studied vegetation
follows the Central European classification system (Dierssen 1982, Ellenberg 1996).

Chemical analyses

The water samples were collected from a shallow coastal lake, which is the most
typical habitat of Cladium mariscus community in Latvia (Kanieris Lake), from the
most eastern locality (Motrines Lake) and the lake having the most dystrophic char-
acter (Kadrames lLake). The water samples were taken at the Cladium mariscus
stands using polycthylenc hottles. Water samples were analysed the next day by the
company Hidrostandarts using standard procedures. Additionally, water chemistry
data on Lielais Plencis, Aklais and Busnieku lakes obtained from Latvian Environ-
mental Agency and personal communication were used {Anonymous 1992, Anony-
mous 1994, Licite pers.coun).
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Data analysis

Allthe relevés were classified and ordinated on the basis of their vegetation. For
vegetation classification, synoptic table processing and calculation of within-cluster
qualitative homogeneity the programme TWINPAN by means of TURBO(VEG) was
chosen (Henneken 1995). Ordinal scale 1 — 9 was used instead of percentage. The
pseudospecies cut levels used were 0-3-4-7-9. For data ordination the programme
DECORANA (Hill and Gauch 1980) was used. Ordination was performed using a PC-
ORD 4.0. Downweighting of rare species was applied.

RESULTS

Distribution

Twenty-six localities of Cladium mariscus are known in Latvia. Most of the locali-
ties are located in the coastal area (18) and only three are found in Western Latvia
and five in Eastern Latvia. Three arcas of Cladium mariscus concentration were
distinguished in Latvia. The first two were at the Baltic Sea — in the very southwest
and in the northwest of Latvia and the third was found along the westemn coast of the
Gulf of Riga (Fig.1).

Fuliic Nea

Fig. 1. Distribution of the Cladium mariscus community i Latvia

1 - Pape Lake. 2 — Kirba Mire, 3 — Tosmare, 4 — Bufmeku Lake, 5 — Mazezers Lake, 6 — Dimezers.
Makgkerezers, Skarbes and Garezers lakes, 7 — Peleene Lake, 8 - Seklene [eke, 9 - Vienits Lake,
10 - Engre, 11 - Apsuciems, 12 = Ragann Mire, Aklais, Kaniens, Digiens, Pusczers lakes, 13 - Baltogd
Lake, 14 - Liclais Plencis Lake, 15 — peninsula in Dreimanu Lake, 16 — Mazais Kugrinu Lake, 17 — Motrines
Lake
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Climate

The majority of Cladium mariscus localities in Latvia are found in the Coastal
Lowland charactensed by the mildest and the most oceanic climate in Latvia
(Strautnieks 1997) and only five localities are located in Eastern Latvia with conti-
nental climate. The mean temperature in July is ranging from 16.5 °C in the Bartava,
Engure, Ventava and lrve plains and the Arona Hilly Plain to 17 °C in the Adzele
Elevationand 17.1 °C in the Rigava Plain. The mean temperature of January is from
-3"C in the Bartava, Irve and Ventava plains to = 5 °C in the Rigava Plainand - 7 °C
in the Adzele Elevation. The southwest localities found in the Bartava Plain have the
maximum frost-free days in Latvia, namely 173. In the rest of the localities the frost-
free period varies reaching the minimum in the Arona Hilly Plain where only 126-
134 frost-free days are recorded (Strautnieks 1994a,b,c, 1995, 1998, Zelés 1994a,b,
1998, Skinkis 1997). The temperature range in Cladium mariscus localities is from
19.5 °C inthe Bartava Plain to 24 °C in the Adzele Elevation (Table 1).

Table 1

Climate data of the Cladietum marisci localities in _Latvia
{Strauinieks, 1994a,b.c, 1995, 1998, Zelcs, 1994a,b, 1998, Skinkis, 1997)

l ) i_ Mean ' Mean t* ;Mezm t"_in ]-‘rost-l'r'e-e—
Locality anpual t° in July | February | period, days
Barta Plain {(Pape, Tosmare, Kirba Mire) 6.75 16.5 -3 173
Ventavaand [rve plains (Busneku,
i Mazezers, Dumezers, Makskerezers.
' Skarbes, Garezers) 6.75 16.5 -3 150-160
Ugile Plain (Pelcene, Seklene, Vienits) 5.5 16.5 -39 133-144

: Engure and Rigava plains (Engure, | ‘ I
Apduciems, Raganu Mire, Aklais, !
’ Kadraines, Dinieris, Kanieris, Pusezers) 625 16.5 4 143-160

Arona Hilly Plam (Balting, Lielais '

Plencis, Dretmanu? 58 16.5 ! 6.8 126-134
. Adzele Elevation {Mazais Kugrinu, 1\
| Motrines) | 4 | v 131141

Habitats

The habitat supporting the largest Cladium mariscus stands in Latvia was shores
of shallow coastal lakes that are lagoons by their origin (Pape, Kanierts, and Diinieris
lakes). Among the other habitats, there were small shallow lakes between inter-
coastal ndges (Mazezers, Dimezers, Garezers, Skarbes, and Makskerezers lakes)
and i1 inland areas (Balting, Lielais Plencis, Motrine. Mazais Kugrinu, Vienits, Seklene
and Pelcene lukes), depressions of different ongin (near Engure Lake, un the peninsula
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in Dreimanu Lake}, a dune slack {Apsuciems locality), and spnings (Raganu Mire).
Remmnant Cladium mariscus stands were also found within fens formed in the process
of lake terrestrialization like in Engure, Kanieris and Pape lakes. Pelcene locality
represents a filing-in lake where Cladiwm mariscus cormmunity has remained in the
centre swrrounded by transitional mire. Ina number of lakes, Cladium mariscus com-
munity formed only a fringe and was separated from the lake margm by fen, transi-
tional mire and even raised bog vegetation like n Kadraine Lake.

Cladiiem mariscus vequires calcium-rich habitats (Balatova-Tuld¢kova 1991) and
the onigin of calcium varies among the localities in Latvia. It was dolomite close to the
land surface (Kanieris, Duniens, Pusezers, Aklais, and Kidraines lakes), high con-
centration of shells in soil {depression near Engure Lake) and presence of calcareous
gvttya layer (Motrines and Lielais Plencis lakes) (Anonymous 1999). The peninsula
in Dreimanu Lake was entirely formed of calcareous gyttja. However, the calcium
content and 1ts origin have not been studied in many localities (Vientts, Pelcene,
Tosmare, Makskerezers, Dimezers, Balting, Budnieku, Skarbe, Garezers, Seklene,
Mazais Kugnnu, Mazezers, and Pape lakes, Kirba Mire}.

Water chemistry

Water chemistry results indicate that all six lakes have high calcium content
(283-52 mg/), except Kiidraines Lake (12 mg/D), and high pH ranging from 7.26 in
Busnieku Lake to 8.45 in Kanieris Lake. The lowest nitrate cencentration was in
Kanieris, Kiidraines and Motrines lakes (0.1 mg/l). The nitrate concentration was
about three times higher in Busnieks and Aklais lakes and about thirteen times higher
in Liclais Plencis Lake than in the lakes mentioned before {Table 2). Aklais and Lielais
Plencis lakes also had the highest phosphate concentration (0.014 mg/}; 0.017 mg/1).

Table 2

Water chemical composition of six lakes hosting Cladium mariscus community
{Anonymous 1992, Anonymous 1994)

i | Kanicris | Kadraimes  Metrines | L]*Tc}{i; Busnicks | Alais |

ta, mg 52 12 | 32 s5 | oomme |
S50, mg/l | 136 | 25 12 X %5 273
HCO, me 122 63 | 159 183 i 179
NO,-N, mg/ o0l 013 ; 0l 14 0.35 0.39
NO,-N, mg 0005 | 0005 © 0005 0022 | o004 | X
NN, mg/l 0.25 05 | 003 039 0.23 0.36
pH 5.45 7.4 7.33 7.54 o6 | 8l
PO, mgl 0.0045| X X 0017 | 0008 | 0014

X = no records exist
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Vegetation classification and syntaxonomy

Six main clusters emerged from the four TWINSPAN divisions. The first
TWINSPAN division separated relevés with a distinct brown moss layer from the
relevés without them, which were mainly found in open water. The next division on
the positive side divided moss-tich, albeit dry Cladrum stands from the moss-rich wet
stands. The next two TWINSPAN divisions on the negative side separated different
types of Cladium dominated vegetation found in open water. The vegetation unit
characterised by high cover of Sphagnum spp. emerged at the fourth level of
TWINSPAN division.

Cluster 1 (45 relevés)

The Cluster 1 comprises Cladium mariscus community characterised by well-
developed moss layer formed mainly by Scorpidium scorpiotdes. The most common
assoclates were Phragmites australis and Myrica gale. The presence of species of the
(lass Oxycocco-Sphagnetea in this cluster is due to the nearby raised bog vegeta-
tion i Raganu Mire locality. This cluster had the highest homogeneity reaching 0.77.
[t was found in the shallowest parts of lakes where moss layer can develop and was
also recorded in the periphery of springs and in remnant Cladium stands within
calcarecus fens. Localities: Kanienis, Danieris, Pelcene, Engure and Lielais Plencis
lakes, depressions near Engure Lake and sulphurous springs in Raganu Mire.

Cluster 2 (24 relevés)

The cluster represented relevés with high frequency of species of the Alliance
Caricion davallianae such as Schoenus ferrugineus, Drepanocladus revolvens, Camprylium
stellatum, Fissidens adianthoides and Brvum pseudotriguetrum and low percentage of
Cladium mariscus. The cluster homogeneity was 0.44. Found i a shallow depress-
100, in a dune slack and in fen. Substrate is calcarecus gyttja ora thin layer of fen peat.
Localities: the peninsula in Dreimanu Lake, the fen at Kanieris Lake and the depres-
sion near Engure Lake.

Cluster 3 (22 relevés)

The cluster included mainly relevés with moenedominant Cladi i mariscus stands.
Rarely Phragmites australis and different aquatics hke Utricularia vulgaris, U, inter-
media and Chera species (Chara hispida, Ch. contraria, Ch. aspera, Ch. fragilis)
occur. Occasionzlly, Carcx elata and Carex lasiocarpa were recorded. Found ouly in
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open water {shallow lakeshores or water filted depressions). Substrate 1s dolomite,
often covered with mud of various depths (Kanieris and Dunieris lakes), sand with
shells (depressions near Engure Lake), and gravel mixed with sand and mud (Pape
Lake). Cluster homogeneity was 0.60. Found only in the Coastal Lowland where 1t
covers large arcas in coastal lakes and in Western Latvia. Localities: Kanieris, Pape,
[iniens and Pelcene lakes. Found also in depressions near Engure Lake.

Cluster 4 (23 relevés)

The cluster included relevés with high frequency and percentage of Myrica gale.
Additionally, Carex elata, Phragmites australis, Molinia caerulea, and Comarum palustre
were the most common species found there. The moss layer was ahsent. Found in
places with changing water level passing through the dry phase. In the wettest phase
water level variation may reach about 0.3-0.4 m above the ground. Ciuster homoge-
neity was the lowest within the data set - 0.28. Found in a dune slack in Apsuciems
and in Pape Lake.

Cluster 5 (31 relevés)

The cluster was characterised by high frequency of Thelypteris palustris. Among
the other most common species Comarum palustre, Phragmites australis, Typha
latifolia, Carex rostrata, Lysimachia vulgaris, and Peucedanum palustris are to be
mentioned. Myrica gale was found in the relevés described in the Coastal Lowland. In
all the localities, except one, Cladium mariscus community formes fringe, scparated
from the lake banks by mire vegetation. The cluster homogeneity was 0.41. Found in
small coastal lakes of Latvia, also in Western and Eastern Latvia. Localities: Mazezers,
Damezers, Mak8kerczers, Vienits, Kidraines, Pusezers, Motrines, Liclais Plencis,
and Mazais Kugnau laukes.

Cluster 6 (7 relevés)

Relevés belonging to this cluster differ from the rest of the data set by having
different Spiiagnum species that are able to tolerate base-nich conditions. Hummocks
of Sphugnum palustre, Sph. warnstorfif and Sph. teres and hollows with Sphagnum
Aexuosum and Sph. contortum were observed. The most cominen vascular plant spe-
cles were Phragmites australis, Myrica gele and Comarwm palustre. Invasion of Sphag-
e has brought in the species of oligotrophic conditions such as Drosera rotundifolia,
Andromeda polifolia, and Oxycoccus palusiris. The cluster reflects developiment phase
of Cladium mariscus community where Spragmem has invaded Cladium mariscus
stands. The cluster homogeneity was 0.43. Found only in Danienis Lake.
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According to the Central European vegetation classification, all the clusters are
assigned to the Association Cladieturn marisci All.22. The following variants of the
Association Cladieturn marisci based on TWINSPAN analysis are distinguished:
var. Scorpidium scorpioides (Cluster 1), var. Schoenus ferrugineus (Cluster 2}, var.
typicum (Cluster 3), var. Myrica gale (Cluster 4), var. Thelypleris palustris (Cluster 5),
and var. Sphagnum (Cluster 6) (Table 3). Despite the low cover of Cladium mariscus
and high proportion of species of the Alliance Caricion davallianae, the var. Schoexus
ferruginens 1s also assigned to the Association Cladietum marisci, because Cladinum
still determines the paysiognomy of the plant community. Nevertheless, the best
examples of Cladietum marisci in Latvia are found in shallow water bodies, where
Cladium formed large monodominant stands, like Phragmites australis, in most of the
lakes in Latvia. Therefore, the Association Cladietum marisci in Latvia is to be in-
cluded in the Alliance Phragmition.

The most common species found in the whole data set were Phragmites australis
(79 relevés), Myrica gale (62), Scorpidium scorpioides (61), Campylium stellatum (43),
Comarum palustre (43), Thelypteris palusiris (36), and Drepanocladus revolvens (34).

Ordination interpretation

Ordination by DCA reflects a wetness gradient - from Cladium mariscus stands
found in open water to Cladium demmated fen vegetation. Relevés representing the
driest Cladium dominated vegetation (fen-like} are placed in the right upper comer,
while those recorded in wetter places have an equal position to the left from the

dry
(]
var. Schoenus ferrugineus
a0
var. Thelypteris
palustris o
™~ fe]
o [+]
< O Uyt 3
-
wet o8
var. Scor scor
)
& W &1 &l

Axis 1

Fig.2. DCA ordination of Cladinm mariscus dominated vegeta-
tion (DCAL and DCAZ}
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diagonal of the diagram (Fig.2). Towards the right upper corner the proportion and
percentage of species of the Caricion davallianae such as Schoenus ferrugineus,
Drepanocladus revolvens and Campyliwm stellatum increased significantly. Var.
Thelypierts palustris representing Cledium dominated fringe vegetation clustered ai
the left side of the diagram.

Three clusters obtamned by TWINSPAN (var. Schoenus ferrugineus, var. Thelyptents
palustris, and var. Scorpidizem scorpioides) were used to partition the DCA space. The
rest three clusters (var. typicum, var. Myrica gale, and var. Sphagnum) appeared to be
very closely related.

DISCUSSION
Climate and ecology

Climate is one of the main factors influencing spectes distribution. [t is known, that
mainly low winter temperatures determine the north-east limit of Cladium mariscis
distribution, because temperatures below -2 °C injure growing point of the species
{Conway 1938). Therefore, the optimal climate conditions of Cladium mariscus is
charactenised by warm summers and lack of mtensive frost in winter (Conway 1938),
found in the parts of Europe lying within the west coast marine climate zone (Ahrens
1994). The climate data of the Latvia’s localities (Table 1} and the map of the world
climate zones (Ahrens 1994) prove, that Latvia‘s localities meet the optimal climate
requirements of the species. Climate data from Latvia's localities also fit into the
thermochimatically optimal area of Cladium mariscus (Fig. 3). Only five eastern locali-
ties are located in regions where climate is not optimal for Cladium mariscus due to
low winter temperatures (Table 1, Fig. 3).

However, the importance of local factors is to be taken into account here. Due to
direct influence of springs, lakes could remain unfrezen for a longer time in compari-
son with the surroundings, thus making locat conditions more favourable for survival
of Cladiwem mariscus (Post von 1925). Indeed, it 1sa case of the most northern locality
of Cladvem mariscus, Joronoinen (Jalas, Okko 1951) and is true for one of the most
eastern localities near St. Peterburough in Russia (bou et al 1987). However, none of
the castern localities of Cladium mariscus community in Latvia is under direct influ-
ence of springs.

Later findings prove that water provides insulation thus protecting the frost sen-
sitive growing point of Cladizm mariscis (Conway 1938). In my opinton, that 1s the
case for the most eastern localities of the Cladietum marisci in Latvia. All the eastemn
Cladium mariscus localities are permanently found in open water, except one, found
in a temporary drv depression on the perunsula in Dretmanu Lake, which represents
also the less vital Cladium stands known in Latvia. Nevertheless. the depression is
filled with water autumn and winter, which are the most unfavourable peniods for
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Fig 3 Thermochmatic posttions of Cladiom meeriscus localities in Latvia (after Jalas, Okke 1951,
modified)

1 — Clarlivm meerisens locahtics in Bartava, Irve and Ventava plains (-3 °C/16.5 °C); 2 - Cladium
meriscus localitics m Ugdle, Rigava and Engure plains (-4 °C/16.5°C); 3 = Cludium mariscus
‘pealities in Arena Hilly Plain (6.8 °C /16.3 °C) and in Adzele Elevatiou (-7 °C /17 “C).

Ther Cladinm tocalities in Rigava Plam arc located in the very west part of it. Therefore, the mean
lempurature was chesen as in the next-laying Engure Plain (- 4° C). The climate area south of the
tine BCE represents the thermo-climatically optimal area of Cladium mariscus (Jalas, Okko, 1951)

Cladium mariscus. ['o sum up, the majority of Cladium mariscus localities in Latvia
are concentrated in the Coastal Lowland where the most suitable habitats for species
{large shallow lagoon lakes) and the most suitable chmate are found. Similar distribu-
ticn pattern 1s found in other countries. Like in Latvia, Cladium mariscus in Estona
and Poland is more frequent in the western than in the eastern part of the country
(Swieboda 1968, Paal et al. 1997). Whereas, almost all of 20 Lithuania’s Cladietum
marisci localities are found mn the continental part of Lithuania (batasnunene 1991).

Besides the temperature requirements, Cladium mariscus has also specific habi-
tat requirements. The optimal Cladiusm mariscus habitat is shallow caloium-rich, albeit
nutrient-poor water bodies (Balatova-Tulackova 19913, The study confirmed it only



Table 3. Floristic composition of Cladium mariscus community

1111111 111111111 1111‘ 1111 1111111 1 111111 11111
1111226666667 133344444 2244555555555666333555/112222222233114477744444  33144457882222222235 33333777778888888999900 8989600000 1111119980011 1334246
3568901456789027893456730571234567890122340128901245678024789789012431213468904582345678901 56789123560123467012437 9675012456345678501234673588301 5560123

var. Scorpidium scorpioides  var. Schoenus ferugineus ar lypom var Myrica gaie

111
Number in table

var Thelyplens palusins
Ch. Association Cladietum marisci =
Cladium mariscus 553323299008986999999995545986769496799786887 5554845456503246000345530903988096959996399095 99099345589999999999953 9800G34324990990000000009905HUE 9055694
Differantlal species of variants
Scorpidium scorpioides 4599999999999995959999953 .18999989988998599982121133556321599 G S, AR [ T SRt
Campylium stellatum 5 R 2 i v D SRR T - R .20 125110 S5411111.5.156322115 E L . o - U
Drepanociadus revolvens 392 ... 111 . 112 . .. . i s 2o 118,.959. .3533215000923189323... ... o s st ol
Schoenus fermugineus XY s 2 B P ALivnrmeertia U B 7y PR R 3 1 4 . s
Theiyplers palusins el Mo AN e 1. e ) A oy oisere . o -2
Mynca gale 1121223 L11341111 = B 211118 22
Sphagnum flexuosum
Sphagnum confortum S 410
Sphagnum warnstorfi | .
Sphagnum leres
Sphagnum palustre
Ch. Order Caricetalia davalitanae
Aneura pinguis ol DR [
Carex lepdocarpa Frasdt 1
Pinguicula vulgaris - LA e W o TNl e AN 0 5 5
Lipans loesedil - y el 00 el e e . !
Pamassia palusiris
Eleocharis quingueflora
Carex buxbaumii S 8 e
Carex panicea 205 . . : R
Juncusorfeulals L cenaaeias .
Fissidens adianthoides L2233
Bryum pseudotnguetrum PSR .
Riccardia latifrons s B
Epipactis palustris e s 5 ; ¢ il R A s
Ch. Class Scheuchzerio - Caricetea nigrae, Order Scheuchzerietalia palustris, Alliance Caricion lasiocarpae
Menyanthes triloliata R AR R . 112. s S - Skl 8 1.1
Comarum palustre 1111111
Carex G S A
Carex |asiocarpa [REERE &I b 3 %
Trichaphorum alpinum o W o T s e Stetbaa o "
Enophorum polystachyon . . . v .
Caliergon stramineum 5 . o
Ch. Alliance Magnocaricion
Carex elata S e f s ¥
Carex aculiforrmis "
Carex paniculata ok N vl .43 . " ’ i v e = = Z e
Carex rostrala o m g e B o . ; . : - = g i | L 1 T
Carex pseudocyperus Pt B
Lycopus europaeus 3y ey 1
Ciewta virosa
Lystrmachia vulgars [
Peucedanum palusire R A R R L o g AL |
Gatum palustre 1 N .
Naumburgia thyrsiflora e L, T
Ch. Class P Alliance F
Typha latifolia
Typha angustifolia
Scrpus tabermaemontana
Phragmites australis
Scuteliaria galencutala
Humnex hydrelapathum
Equisetum fuviatile
Ch. Class Utri
Utriculana intermedia s e b
Utriculania minor A1,
Ch. Class Oxycocco - Sphagnetea
Drosera rotundifolia o111
Aulacomnium palustre
Sphagnum fuscum
Sphagnum rubelium i P S
Sphagnum magellanicum . . . .11, z R AW o B S PRSI RR 0 i i Wiz 0 R i gl 5 TS 5
Oxyroccus palustris iSERRE RS RER AR : O N . ¢ e _— 4 : s 5 T - wrd.o 5 1
Andromeda polifoha S I B
COther species
Trees, shrubs
Belula pubescens
Pinus sylvestris A e Ty =2 g5 oA 16 ‘s
Saix pentandra 1
Frangula alnus . o ¥ 1
Betula humilis =2 % AU R her=ge ;
Saix cinerea iy S B S PNG e & Sawred el “ o i & S -1 ¢
Anus glutinosa " o o . : 1
Lesucer caerule s, pai fEETAT e
Juniperus communis R i
Salix rosmarinifolia T
Vascular plants
Lemna tnsulca S SR i DR i o . : .
Nuphar lutea - : RGN Sk i ST TR T e : " 1
Ceratophyllum demersum . .
Hydrocharis morsus-ranae R 3 g Saalisins 8 = = - ’ i 2 <1
Fatamagslon natans i o AR TR F el D ST B . A =R ey
Hofonia palusins A 1 ; ¥ - ) s . . . i e w2 W
Dryopteris cristata . i g 5 - !
Calamagrostis neglecta
Poa palustris . ey
Moneses unifiora i
Viola palustns Pk WA sl AT TSy e b Sy SR S e )
Lythrum salicaria . Caaan ] 1 ol . -, 1
Eupatorium cannabinum . s e A PR ¥ i szl Va e v $iz 5 1 ¥
Utricularia vulgans s ; e -2 ) ———
Polentila erecta e A PR b A TR S Bl
Drosera anglica . =
Thahctrum flavum s g : 1
Dactylarhiza maculata AT P |
Dactylorhiza incamata
Gallum trifidum i
Empetrum nigrum 1
Molinia caerulea
Thalictrum aquilegifolia
Calystegia sepum .. .. ...
| Calluna wulgans P N

1.1

~

-

an 2 1994191917111 B535346367812111 13
435245432134427372153131 ., 11131 " T
,,,,,, 5

11111 524331
989992938

C  HE

iz

124212
1 (5 | P |

w

TUNE o cnsscae met s

AETUN LR e2

ST 112381 1224110 1221111 . 1

11311
i1

......... N M R
........ | S | $. ¥4

Tass ipraiassy s « im ¥ . NI o v 8
1119191,

S - wan s Bk

YEY. . % R e T

ek

vy e P & 1 I 1 O I 1111719122 21t g A AT U T 4

111 S X 2 =7 5 Tin

i . 1
llllll 1322323

¥ 1

(ERERE

12111

SR i J E : - 0 I 1 AN
R e : i i .. 593§

WA Smmum— _

Cladwm mariscus (L ) Pohl

Scorpidium scorpinides {Hedw.) Limpr
Campylum stellatum (Hedw ) J Lange et C Jens
Drepanoctadus species (C Mull | Roth
Schoenus ferrpgineus L.

Thelypteris patustnis Schatt

Myrica gale L

Sphagnum fexussam Dozy et Molk
Sphagnum contorum K F Schulz
Sphuagnum warnstorfu Russ
Sphagnum leres (Schimp ) Aongsir.
Sphagrum palustre L

Aneura pinguis (L) Dum

Carex lepidocarpa Tausch

Pinguicula vulgans L

Lipans loeselil (L | Rich

Parnassia palustis L

Eleochats guinguofiora (F. X Hartrm ) O Schwarz
Carex buxbaumii Wahienb

Carex panicea L

Juncus arheutatus L

Fresidans acanthodes Hedw

Bryum pseudotnquetrum {Hedw | Gaert Meyer et Schr
Riccardia latfrons (Lingb ) Lindd

Epwpactis palusins (L ) Crantz

Menyanthes tnfofiata L

Comarsm palusire L

Carex diandra Schrank

Carex laswocarpa Ehfh.
Trchophorum alpsum (L) Pers
Enophorum polystachyon L
Calliwrgon sramineum (Brd | Kindd

Carex elata All

Carex acytifarmis Efh

Carex paniculata L

Carex rostrata Stokes

Carex pseudocyperus L.
Lycopus europaeus L

Cleuta vwosa L

Lysimachia wigans L
Peucedanum palustre (L | Maench
Galium palustre L

MNaumburgia thyrsifiora (L.} Rehb

Typha latifosa L

Typha anqustifoba L

Scrpus labemaemoentani C. C Gmel
Phragmites ausirafis {cav ) Tnn ex Steud
Seutellana galenculata L

Rumaéx hydrotapathum Huds

Equiselum fluviatile L

Utriculana intermedia Hayne:
Utncuiana menor L

Drosera rotundifola L

Aulacommum palustre (Hedw | Schwaegr
Sphagnum fuscum (Schimp. ) Kiinggr.
Sphagnum rubslium Wils

Sphagnum magellamcum Bnd.
Oxycoceus palustns Pers.

Andromeda poifolia L.

Betuia pubescens Ehrh

Pinus sylvestrs L

Salix pentandra L

Frangula ainus Ml

Betula humihs Schrank

Salix cinerea L.

Alnus glutinosa iL ) Geertn

Lonicera caerulea L ssp pailass (Ledeb | Browicz
Juniperus communis L

Salix rosmarinitolia L,

Lemna tnsulca L
Nuphar lutea (L ) Smith
Ceratophylium demersum L.
Nymphaea candida J. et C Presl
Hydrochans morsus-ranae L
Potamogeten natans L.
Hottorna palustns L
Dryoptens cristata (L) A Gray
Calamagrostis neglecta (Enrh.) Gaertn Mey el Scherb
Poa palustris L
Moneses umiflora (L ) A Gray
Viola palustris L.
Lythrum salicana L
Eupatorium cannabinum L.
Utneulans vaigans L
Potentiia erecta (L | Rasusch
Drosera anglica Huds.
Thahictrum favam L.
Dactylormniza maculata (L} Soo
Dactylorhuza incamata (L) Sco
Galium frifidum L
Empetrum mgrum L
Molinia caerulea (L ) Mosnch
Thalictrum aquilegifolium L
Calystegia sepium (L.} R, Branth
Calluna vulgarns (L | Hull

Lophozia rutheana (Limpr ) Howe
Cinclidium stygium Sw.

Kurzia paucifiora (Dicks § Grolle
Paludella squarrosa (Hedw.) Bnd.
Calliergon cordifolium (Hedw ) Kindb
Sphagnum squarmosum Crome
Calliergoneiia cuspidata {Hedw } Loeske
Calliergon giganteum (Hedw ) Kindb



Liene Salmina. The Cladium mariscus L. (Pohl) community in Latvia 33

partly. All the studicd lakes, except Kidraines Lake, were calcium-rich and had high
pli, but Cladietumn marisci was found not only in nutrient-poor, but alse in compara-
tively nutrient-rich waterbodies (Table 2); it contradicts the findings recorded else-
where (Klosowsk 1988).

Concerning the phosphate, it could be explained hy the fact that in calcjum-rich
lakes the available phosphate is found in the form of tricalcium phosphate and in this
form it can only be absorbed by plants in mimimum amounts (Gessner 1939 in Ellenberg
1988).

Importance of wetness and water level fluctuation in determination of species
composition in Cladium mariscus community have been stressed in a number of
works (Bumett 1964, Swieboda 1968, Staniewska-Zatek 1977, Rodwell 1993,
Meredith 1995). Not surprisingly, the main factor explaining the vegetation variation
of LLatvia’s samples was also wetness reflected by the DCA (Fig. 2).

The species rich variants of Cladrum community, placed in the periphery of the
diagram, can only develop, when water level becomes lower (Rodwell 1993) and
vigorous Cladium shoots become less dense allowing other specics to penctrate.
The presence of species-rich vanants of the Cladietum marisct in Daniens, Kaniens,
and Lielais Plencis lakes might be due to lowering of water level in these lakes.
Nevertheless, it was found out, that 2 mederate lowering of water level in lakes
hosting Cladium mariscus favours expansion of Cladium mariscus by creating more
space suitable for species, After the lowering of water level in Dinderis and Lielais
Plencis lakes in the 1930-s (Opmanis pers.com.), Cladium expanded gradually and
by now it covers almost both the Jakes. However, lowering of water level should not be
cansidered as an appropriate Cladinm management, because it is followed by lake
eutrophication and peat formation, thus creating less suitable habitat for Cladnon
WUITLSCUS.

Vegetation classification and syntaxonomy

The core question of vegetation classification when dealing with the Cladietum
marisci is its affiuty to the Alliance Phragmition or the Alliance Magnocaricion. The
hasic information ofien used to take the final decision is the proportion and abundance
of the Phragmition and the Magnocaricion species within the data set (Balitova-
Tulatkeva 1991, Gors 1975). In my opinion, it is rather ambitious, because different
authors have assigned many species in different alliances. Consequently, the results
depend on the data source and can be different. In my opiniot, only species conpost-
tion of community n its optimum habitat should be taken into account when deciding
on the affinity toa given syntaxonomical unit, Other authors (Staniewska-Zatek 1977,
Dierssen 1982) also state 1t.

There are a number of counterparts of the Cladietum marisci variants described
in Latvia. The species composition of Cladium mariscus — Myrica gale sociation on
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lakeshores in Scotland (Burnett 1964) clearly shows similarity to the distinguished
vanants in Latvia (var. fypicum and var. Myrica gale). The Sphagnum nch Cladium
maricus community 1s described from a filling-in lake in Poland (Kepczynsk, Ceynowa
1968, Jasnowska, Jasnowski 1991) and was also distinguished in Germany (Krausch
1964). The variant with 7kelypteris palustris has been described in Poland (Kepezynski,
Ceynowa 1968), in Germany (Krausch 1964) and in the United Kingdom (Rodwell
1993). The subassociation Cladietum marisci schoenetosum distinguished in the
United Kingdom (Dicrssen 1982) 1s similar to var. Schoenus ferrugineus in Latvia,
The Association Scorpidio-Cladietum marisci Succow 1974 described in Poland
(Balatova-Tulackova 1991) probably is like the var. Scorpidism scorpioides in Latvia.
The typical sub-units of the Cladietum marisci characterised by monodominant
Cladium stands are distinguished almost in every country having this community
(Krausch 1964, Gérs 1975, Wheeler 1980, Dierssen 1982, Bou et al 1937, Balatovi-
Tulackova and Venanzovi 1929, Banaguuanene 1991).
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Cladium mariscus L. (Pohl) sabiedriba Latvija
Kopsavilkums

Tika pétita Cladium mariscus sabicdribas izplatiba, biotopl un sugu sastavs Latvij,
Cladinm mariscus sabiedriba Latvija konstatéta 26 vietids, galvenokart Picjlras
zenmiené, Klimatiskie datirada, ka lielaka dala no sabiedribas atrasands vietam Latvija
atrodas Cladium mariscus klimatiskd optimuma teritorija. Aslapes sabiedriba tika
konstatéta dazados bictopos. Tie bija sekli czeri, dazadas izcelsmes reljefa pazemi-
najumni, starpkapu ieplaka un avotl, Analizéti 152 dizas aslapes sabiedribas apraksti
1o 16 vietam Latvid. Balstoties uz TWINSPAN analizes rezultatiem tika izdaliti 6 augu
sabiedribas varanti: var. Scorpidium scorpioides, var. Schoenus ferrugineus, var. typicum,
var. Myrica gale, var. Thelypteris palustris un var. Sphagrum. Latvija visbicZak sastop
var. fypicum un var. Scorpidium scorpioides. Vist varianti pielidzinat asociacyjal Cla-
dietum marisci All. 22. Veikta ar parauglaukumu ordindcija ar deirendéto korespon-
dences analizi. Galvenais gradients, kas 1zskaidro atskiribas vegetacyja ir mitrums.
Vislielakas un vitalakas audzes dizas aslapes sabiedriba veidoia lielos seklos ezeros,
kur td izteikti dominéja un citu sugu klatblitne bija nenozimiga lidzigi ka Phragmitetum
australis un tipéc Ciadietum marisci tika pieskaitita savienibai Phragmition, Raksta
analizét: ard sesu ezeru ar dizo aslapt udrokimiskie parametri.
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Abstract

Armerie vulgaris Willd. is growing on its northeastern hinit of the distribution area in Latvia.
In 2000, nine of 18 knewn localities of A. vulgurs was inventoried to assess the present state
of localities and to describe the sociology of the species.

A.vulgaris was vital and more abundant (in most cases dominant and subdominant) than i the
previous inventories in all the sites visited. The species is found only in synanthropic habitats —
dry grasslands and on railway embankments both in the communities of the Cl. Koelerio-
Corynephoretea (Koelerion gtaucae, Plantagini-Festucion) and Cl. Molinio-Arrhenathe-
retea {Cynosurion).

Results showed that the coencpopulations of A.vdgarts were stable with a tendency to spread.
It 1s supposed that spreading of this species in Latvia is favoured by man’s activities — railway
and road embankinents and also management (including frequent burning) of dry grasslands
provide suitable habitats, which otherwise would be more rare m Latvia in natural conditions.
Nevertheless, the species is endangered because of the changes in land use practices, namely
by overgrowing of dry grasslands.

Keywords: Armeric veelgarts, sociology, synecology

INTRODUCTION

Armeria vulgaris (syn. A.elongata; A.marittma subsp, elongata) 1s a temperate
suboceanic Central European species. From all the species of genus Armeria 1t has
the most continental distribution: to the East 1t reaches southern Finnland, Estonia,
Latvia, Smolensk and northwestern Hungary (Gams 1973).

In Latvia, A vidgaris has 18 localities (one locality 1s 7.7 x 9.3 ki i Latvian flonstical
mapping grid (Tabaka u i1p. 1988)), two of them were newly registered during this
rescarch.

A.vulgaris 1s a species with narrow ecological range. It1s the character species of
the Alliance (All.) Plantagini-Festucion (syn. Armenon elongatae) which belongs to
the Order (().) Festuco-Sedetalia, Class (Cl.) Keelerio-Corynephoretea and includes
dry sandy grassland and gray dune vegetation (Pott 1995, Dierssen 1996).

Previous investigations on plant communities of the All. Plantagini-Festucion in
Latvia (Jermacane 2000; Jermacane, Laiving 2001a; 2001b) have shown that assigning
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of communities described in Latvia to already existing syntaxa of the Braun-Blanquet
system 1s difficult or even not possible. The same situation is also in other regions of
Eurcpe where climatic conditions and richness of flora differs from that of Central
Europe (Bruun, Ejmaes 2000; Diekmann 1997).

In Latvia, several higher syntaxa of dry grassland vegetation including also the
All. Plantagini-Festucion have incomplete set of character species becausc these
species do not reach territory of Latvia or they are very rare. It is well known that
species ecology can differ considerably among the parts of its distribution area
(Icllmann 1972; Ejnaes 1998). Therefore investigations on distribution and sociol-
ogy of such species are very important in order to ascertain the possibilitics to use
them as character species in the process of vegetation classification. Up te now, there
are no research of sociology of A.vulgerts done in Latvia (Tabaka 2001).

The aim of this paper was to descnibe the plant communities with A.vulgaris and to
clear up the sociological prevalences of the species in the territory of Latvia, as well
as to analyse the stability of the species and factors endangering it.

MATERIAL AND METHODS
Study area

Latvia is located near the eastern coast of the Baltic Sea between 55°40°-58705" N
latitude and 20°58’-28°14" E longitude.

The climate is relatively mild maritime becoming slightly continental inland. The
frost-free period lasts 150-160 days near the sea and 130-140 dayvs in the east. The
average precipitation 1s 600-650 mm per vear, with less precipitation (500} in the
Zemgale Lowland (Central Latvia) and more (800) in the Vidzeme Upland (North-
eastern Latvia). The vegetation period extends for about 180-200 days. and the
average temperature is 6 °C. Mean temperature of the coldest month January
15 =4 °C, the warmest month is July (417 °C). In the begining (end of May) and the
end of the growing season (cnd of September), plants are exposed to frost dunng
mghts (Kalnina 1995; 1998). Forests cover —45% of the country, mires — 6%, agri-
cultural fands ~ 38%, and semi-natural grasslands occupy about 1% of the territory
{Anon. 1998).

Study sites

Only seven out of 16 localities of A.vulgaris were possible to locate and inventor
(Fig.1.). Others did not have precise address so they were emitted from the inven-
tory. Additionally, two new localities discovered during the research were described.
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Fig. 1 Distribution of Armeria vuigaris in Latvia. Squares — localities inventoried. (After: Tabaka
2001; unpublished data of Biology Institute, Laburatory of Botany for localities: 16/23 - Herbarium
Latvicum (H LATV) Valgunde, dry grassland, S. Jermacine 2002; 17/24 — H LATV Brankas, dry
grasshand. SJermacane 2002; 26/45 - H LATV Daugavpls, MeZciems, dry grassland on the railway
embankment, L. Tabaka 1981; 2746 - H LATV Daugavpils, lortress. drv grassland, U.Suke 1990.)

09-06 (address of the locality in the grid net: the first number indicate grid line on the Axis v and
the sceond number — grid line un the Axis 1) — Ventspils. Northwestern part of the town's airfield.
Dry grassland next to ruins of the individual farm. Abandoned for several vears. Locality is
inventoried in 1996.

09-51 - Malupe. Dry floodplain grassland on the right bank of the Pededze River next to the
bridge, 300 m to SE from the individual farm Lejmalas. A small part of the territory 1s grazed hy
sheep, the rest 18 abandoned for several years. Locality 15 inventoried i 2000,

13-29 - Saulkalue. Dry grassland developed on the place of sand pit next to the ratlway between
Saulkalne and Ikkile (2 km from the railway station lkskile near the individual farm Bulstrumi).
Grassland is not managed but it is burned each vear m spring. Locality s imventoried in 1998 and
2001,

16-23 = Valpunde. Dry sandy grassland close to the individual farm Zeltint 4 km to NE from
Valgunde. Grassland 1s grazed in the sccond part of summer. Locality s inventoried in 2002.
17-24 — Brankas. Dry sandy grassiand on the right bank of the lecava River 3.5 kin to SE from
Brankas next to the mdividual farms Zemdari and Toni. Abandoned. Locality is inventoried in
2002,

18-28 = Dzelzamurs. Dry to mesic grassland on the left hank of the Misa River next to the
individua! farm Krastini. Partly mowed and parly grazed by horses (management was stopped in
2002 due 1o change of land renters). In places the tereitory have been plought up and after some
years left as falow-land and grazed. Localiry i+ inventonied in 2001,

18-30 - Vecumnicki. Dry grassland next ‘o soldier's wraves 2.3 km on NE from Vecumnieki.
Lncatity is imventoried in 2001,

26-46 - Daugavpils, Kidraine. Drey grasslnd on the railway embankment 0.5 km to 5 from the
railway station Kudrame. Site 1s burned regularly. Locality is inventoried i 2001,

27-45 - Daugevpils, Mezciems, Dy grassland on the southern and porthern slope of raillway
cmbanknient 2 km to N from the railway stauon Mezeiems, Locality s inventoried in 2001,
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Methods

Inventory of localities and plant community description

The present state of A.vulgaris coenopopulations was assessed in each of in-
ventoried localities. Share of each species in coenosis was evaluated using 3 grades:
1 - dominant (cover of A.vulgaris was higher than cthers or the same as some other
species in the case if there were several dominant species), 2 — coduminant (cover of
A.vulgaris was only a little lower than that of dominant species), 3 - accompanying
{cover of A vulgaris was low).

48 phytosociological refevés (size of relevé - 3-25 m") were collected following
the Braun-Blanquet approach (Braun-Blanquet 1964; Dierschke 1992; Kent, Coker
1994) to analysc sociological behavior of A. vulgaris. Data set was treated by the com-
puter program TWINSPAN (Two-Way-INdicator-SPecies-ANalysis (Hill 1979)). The
pseudospecies cut levels used were 0-0.6-6-26-51-76. TWINSPAN division levels
were interpreted ecologically. Further levels were taken into account only 1f the
ecological background for the differcnces in species composition among groups could
be found. For this reason vegetation-environment relationships were examined
using DCA {computer program DECORANA). Downwelghting of rare species was
not applied. Ellenberg indicator values (Ellenberg et al. 1992) and data of soil chemi-
cal and physical analysis were used te interpret the ordination.

The spectrum of phytogeographical elements (species distributicn arca types)
was calculated using nitial data from Meusel et al, (1965, 1978) and Hulten, Fries
(1986}, Ellenberg values were calculated weighted by coverage. Nomenclature: vas-
cuiar plants — Gavrilova, Sulcs 1999; mosses — Abolina 2001, lichens — Piterans 2001.

Soil analysis

Soil analysis were done in two localities — Saulkalne 1s representing plant commu-
nities of the Cl. Koelerio-Corynephoretea All. Plantagini-Festucion; Dzelzamurs is
representing plant communties of the Cl. Molinio-Arrhenatheretea, All. Cynesurion.

Soll pH was determined in distilled H,0) and 1 M KCl solutions, total acidity (ex-
tractant 1 M NaCH,COO) (Kappen method), sum of exchangeable basic cations (method
of Kuppen-Gilkovich), plant available P and K - after Egner-Riem (DL) method, ex-
changeable Mg and Ca were determined by flame photometer (extractant 0,1 M
KCD), soil organic matter after methed of Tjurin (exidation by K, Cr.(;. H,S0 ) and total
nitrogen by Kjeldahl (Skujans, Mezals 1964; Jékabsone et al. 1997). Organic C 13
calcuiated dividing organic matter by the coefficient 1,724, Particle size analysis was
made by sedimentation and pipette method after N. Kachinsky (Kauunricknit 1958),
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RESULTS
The state of localities

In all the localities inventoried, A.vulgaris coenopopulations were highly vital -
A.vulgaris was flowenng abundanily, in most cases it was dominant or codominant
species in the coenosis (Table 1). In comparison with former investigations abun-
dance of A.vulgaris was the same or even higher. For example, there were 2 speci-
mens m Vecunnieki locality in 1983 (unpubl. data of Laboratory of Botany, Institute of
Biology), but the species was growing abundantly in approximately 10 m® large area
11 2001. The samc situation is in Dzelzamurs locality where A.vulgaris was accompa-
nying species in 1954 but it was one of dominants (cover reached 45%) in 2001,

Table 1
Dominance of A.vulgarisin inventoried localities

I . ' Number of relevés where A.vulgaris 1s:
Locality - :

rD:)llllnalll Codominant | Accompanying Not prescnt

09-96 Ventspils (3 relevés) ' - }
09-51 Malupe (7 relevés) -
15-29 Saulkzlne (8 relevés) -
©16-23 Valgunde (3 relevés) -
17-24 Brankas (3 relevés) -
18-28 Dzelzamurs (14 relevés) 11
18-30 Vecumnieki (2 relevés) - -
© 26-45 Mezctems (6 relevés) 4 -
26-46 Kadraine {3 relevés) - -

2
4
4

T i~ I o= T
|
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[
|

Consequently, coenopopulations of A vulgaris can maintain for a very long time 1f
the site conditions do not alter radically. The oldest locality well documented with
herharia specimens is Dzelzamurs where the species is known from the year 1954.

Plant communities

In total, 150 vascular plant species and 25 moss and lichen species were encoun-
tered in 48 relevés. Species richness averaged 26 per 4 m° (it varied from 16 to 36
species). Nevertheless, only 9 species had constancy higher than 50% (Armeria
vulgarts, Galiwm album, Achillea millefolion, Poa angustifolia, Knautia arvensts,
Festuca rubra, Pimpinella saxifraga, Agrostis tenuis and Dianthus delloides), 28 species
were with constancy 20 to 50%, but the rest of species occurred sporadically (con-
stancy less than 20%).



Sofviter Jermacane. Sociology of Armeria nulgarts Willd. in Latvia 43

TWINSPAN classification resulted in 5 clusters (Ing.2.). First TWINSPAN divi-
sion level separated 11 relevés with high constancy of xerothermophilous species
Helictotrichon pratense, Phlewm phleoides, Carex caryophyllea. Further division of this
group emerged 3 relevés of Daugavpils-Kudraine locality having very specific spe-
cies composition with Asfragalus arenarius, Helichyysum avenarium, Silene otites etc.

The next divisions separated the rest of relevés (37) into three mam clusters.
The set of indicator specics for each cluster clearly showed differences in soil fertil-
ity and moisture conditions.

T

. ’ “““-‘
37 11
Dianthus deftoides Helictotrichon pratense
Dactylis glomerafa Phieum phleoides
Fastuca rubra Galium verum
Pl e Carex caryophyllea
. T N
24 13 ;
Vicia cracca Sedum acre 8 3
Agrostis tenuis Thuidium abietinum Gafiumvenim
e - Armeria vulgars
7 \ Hrachythecium albicans
9 < \1 5 Calamagrostis epigeios
Rhytidiadelphus sqQuarosus Daclylis glomerala
Geurn hispidum Helictolrichon pubescens
Senaciojacobea
Vicia angqustifolia
Luzuta campestnis
Hanunculus acns
Fragaravesca
A B Cc b E

Fig.2, TWINSPAN dendrogramm

Group A includes 9 relevés which all were caollected in Dzelzamurs locality ex-
cept of one from Valgunde locality and one from Brankas locality. Dominant species
was Armeria vulgaris (cover varied from 0.5 to 35%, averaged — 17% ), other abun-
dant species were Agrostis tenuis, Festuca rubra, Galium album, Poa angustifolia, in
places also Trifolium repens, Briza media, Pilosella officinarum. Moss laver was well
developed with total cover exceeding 809 (average 45% ) although the only specics
with high cover was Rhytidiadelphus squarrosus.

The core of the community includes the character species of the Cl. Molinic-
Arrhenatheretea and the All. Cynosurion (Table 2., 3.). Syntaxonomically the group
A1s assigned to the Ass. Anthoxantho-Agrostietum tenuis. while the character spe-
cies of the association Agrosfis fenuis donunate and moss tayer s developed by
Rhytidiadelphus squarrosus, so characteristic for this association. Species of dry sandy
habitats Trifolium arvense, Potentilla argenfea, Rumex acelosella, Poa angustifolia,
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Pilosella officinarim and Brachythectuwm albicens, aithough with insignificant cover
and frequency, links the community with the Cl. Koelerio-Carynephaoretea. Similar
communities but with absent A.rulgaris have been described in the Coastal Lowland
{Jermacane 1999). -

Group B includes 15 relevés from different localities (Table 2., 3.). The group
contains plant communities developed in comparatively more fertile and fresh sites.
Vegetation is dominated by mesophilous grasses Festuca rubra, Agrostis tenuis, Dactylis
glomerata, frequent and with rather high cover was also Poa angustfifolia {average
cover 8%). Armeria vulgaris had less cover than in previous group — it varied from
ta 20% (averaged only 7%), it was absent in two relevés.

Majority of dominants were the character species of the Cl. Molinio-
Arrhenatheretea. The group is classified as tite 0. Arrhenatheretalia community.
Floristic composition indicates features both from the All. Arrhenatherion and
Cynosurion. Presence of several mesophilous grasses (Daclylis glomerala,
Helictotrichon pubescens, Poa pratensis, Festuca pratensis) is typical for the All
Arrhenatherion but dominance of such species as Agrostis fenuis and Festuca rubra,
as well as high cover of Plantago lanceolata, Phleum pratense, Taraxacum officinale
and Briza medie 1s characterisiic for the All. Cynosurion. Group B is very similar to
the group A and it can be assigned to the Ass. Anthoxantho-Agrostietum tenuis.

Group C comprises 13 relevés mainly from the localities of Dzelzimurs and
Daugavpils-MeZciems. The group is distinguished by the dominance of A vuigaris
(cover vaned form 6 to 45%, averaged — 22%). Other abundant species were Pilosella
officinarim and Poa angusitiolia, but Dranthus deltoides, Pimpinella saxifraga, Galium
album, Festuca rubra had high cover only in some of relevés.

In contrary to previous groups, this group encounters plant communities with
dominance of the character species of the Cl. Koelerio-Carynephoretea and its sub-
ordinate syniaxa as well as other species restricted to dry habitats, but species of
mesophilous grasslands are poorly represented.

Syntaxonomically these relevés are classified as the community of the Cl. Koelerio-
Corynephoretea, O.Festuco-Sedetalia, All. Plantagini-Festucion. Flornistically and
ecologically this group 1s close to the Ass. Diantho-Armerietum described in Central
Europe. One of differences is that group C dees not encounter Festuca oving and
Agrastis fenuis has small cover, but named species are dominants in this associaticn
(Pott 1995; Oberdorfer 1978; Jeckel 1975). The character species of the association
Armeria vulgaris and Dianthus deltoides are with high constancy in the group C.
Krausch {1968) has named also Cerastizem arvense as the character species, but it was
not present inour relevés.

Another difference is insignificant participation of therophytes in the relevés of
the group C. It could be explained by the fact that the relevés were collected 1n
habitats abandoned for some time. So there was no sufficient intensity of disturbances
creating microniches for successful developrent of therophytes. Therophytes have
less importance in the comunities of the All. Plantagini-Festucion also in the other
parts of its distribution area, if compared with other syntaxa of the Cl. Koelerio-
Corynephoretea {Dierssen 1996; Krausch 1968).
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Arenaria serpyllsfoliv Lot [. N O U 111 IV I .
Thynrus serpltun: . . e T - I B o 3 S S | b 201
Tusione meonlong 1 N | et 1 Hi++. 1. .. A1 . ++[2
Claddonia fimbrinte-ml i . i L - Oj.2 .1 -+ 213
Tortahee preratis-ml B | Lo C ¥ e oo oo+ 220 00 O o -+ 2] 3
Vernnica veri . , . . N R A P D | | e I A |
Polvirichum pififerwm-ml e N I 1 . Il N N R
Avinos arrensts . R + Il +.01
Racomitrin caneserns-m) - L1 1 +4+ .02
Dicranum scoparivum-ml e . AL . 1 . _f
Peltigera rufescens-nl L3 NN 7 N . T AN .
Pateniill impolite I L1 . 1 1L+ 2
Cladonin furcate-ml v . ot 1
Cladenin contucraea-ml N . . _ . s I
Cladonia gracili s-m) - N T | PR N .
Sedum album . 2 .1
Cladma species-ml . 21 d L
Sedum spuriton e . . I + 1
Curdaminapsis arenosa H 1 . .+ + I 0. .
[Heritinrie glabra H1 R . N TN T I
Crrastium semidecandrum o+ RV I . - A1
O. Brometalia, Cl. Festuco-Brometea |
Poa ungustifolic 2.2.21232 V1. +mmmmwlwmm.m:.:+.++w+ﬂwmwmm¢7..m“.m..=;myw
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Table 2 (continuation)

TWINSPAN group 7 B z c gl o %
1 wlqm:HHHHHHH_meﬂqu\wHHHHHHNNNNNNwm:_MM_H_m_
Number of releve ) ;m_mZ;mmmm:::mmxm@mwfgozmm;zi:m_
4 240015 679012343681 330|7800890345690/GRY012678 G
Plantage media + | 11+ .1+ ar . . RV _m .
Dutertilla arenarie R 1 ISR | §F .
Grtlivm verum Bl 2 I 12112221V
Cerex earvvophvllea | | mtz2le+e? f v
Helictofrichon pralense . . 122221141V
Medicago fuleata . 2 I+ . [+ 2+ . 3¢
Erigeron aerts 1 o ¥4+ il. - sl - 1
Primula veris | t I .
Fulsalille patens . o R 1
Anthotlis vulnerariu . - __
ey 1 + L
Trifedinms montunum . . . . { [ AR | Ce . |
Campanule glomerofa + ol ' )
. Cynosurion
Agrostis tenns 22 .01 .2+-231V4 22 422221 2331V ¢+ bbb 1 :H_. P14 4] IV 1
Anthoxenthion edoraium 14 oo g, - +1 il I N ) i
Briza medin d..01.3 0.1 cooad L2220, L . 1L 4+ D
Trifolivm repens o221 s 201, 1 + I 1. .10
Prunella pulguris + [
All. Arrhenatherion
Knenlice arvensts 1212124 3V T11 .41+ . 1.2 b+ 4ok~ =Y 3
Potentille anserine -1 . . 1 | L
Arrhenctherum clatius P T . Jrze Lo . 1
Campanuda patidn - [ - o . . .
Fesluru predensis . . B S N :.i. T R :
i ]
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Tuble 2 (continuation)

TWINSPAN group A W B B C W,| B ‘ 7w. E _..Vw
11112227781 1 1111111112777/ 81 111112222227|801111111.8111]8
Number of relevé 90090008 £l6 5 57TXREEEBBORANLEERBOYUD000008EFCTTTTTT EG590|8
456712724315 67901234568135Q.75808890345600/089012678 C_H 23S
O Arrhenatheretalia *
Cratium album 2.222 .2, .[TY2 F2 . o+4-+.+3 . ++V[+ . 110241010014V 4+2 44 HIVy+ |2
+ I . ,
Heraclewm sibivicem B T B T T e [ I
Lotus cornicnlatus . + .|k . . 1.1+ 1 :_
Leweanthomum vulgare . | | + t i+ 1.0+ .1 I Lo
Alchermalle yulgaris RN ] [ i 7 .
Helivtatrichon pubescens S A A . S | ! . o .
Medteage lupuling . N T I T . .
Leontodon mutumnalis . . [ . . . .
Cl. Molinio-Arrhenatharetea
Achillea mitllefolium 22204+ 4 Vi +++211++++1114 V|+ 24+ 4211241V + .+ 4+ ). . +1
Festuea rulro 214111220 V[+ 232212+ .22222.|V|21.1 T+ .0+ 1 IV +.1 .+ . . 2|11}
Planiage lanceoluta 4+l T, ++ I I . + 1.1} ++1++|IV
Dactylis glomerata ++1 M2 -~ . +2322114+4+.+4+ Vil+1. .+ 1.+ .
Vicia cracea +-l+++1+ .|V T+ . ++=+.+3 . +0V. 0 . 0 o+ Lo+ 20 0.,
Veronice chamaedrys N AR ¥ RN RS R || 1+ + I .
Stellaria graminea + .+ af, .+ .+ +++.+++. . [¥+ AT -+ o .. ..
Phivum pratense B Y 1.1 P S T 1 1 Ot I T
Tearaxacum officinale R O . St 122 0+ i. . . .
Poa pratensis P I 1 I 2 B B S Hi 2.1, .2 .. ..
Rumex qcetosa o . u + T I . N1 B PR I I I
Heolcus lanatus . . + + I. .
Cenlanren Jaced B Y [ 1 1 S 1 4 + m_. . -
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Table 2 (continuation)

TWINSPAN group A g
111122277 8|1
Number of relevé 949900088 2l6
ii_ﬁm:mm
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Lathyrus pralensis NG
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Senveto jacobarea R = ._= :
Fragaria vescu 2121 v ._= 4
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Fragania viridis s @m e
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O Nardetalia, Cl. Calluno-Ulicetea
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Viola canina 2 igws e sn B
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Table 2 Ccontinnation) 7 A

 TWINSPAN grow _ v 8l B 2] ¢ R g B [z]
llrr222770%1 1111111711 12777/81111112222227/811111111(8111|&
Number of relevé _:Z;:::xjm@.mixiimf_;xmm_imwio:::ofm,,iﬂﬂimf:_m |
43671272405 6 7801234508135 d 7890890345690 089012678(Q0)1235
Other species
Rumex thyrsifloris Db T L HIV L D R N D B /I I S SRS S | | | Y I I RO |
Piloselle officinarum 2031+ [ =+ B2 1+ 22239000 . 2 I+
Ehytidiadeiphus squervasus-nil 2443 .02 . 421y 34+ 20 1 - 2+ 11 N I
(rewm hrispichum 4+ ST . PP Y
Vieter sngustifilia ++..+.+,.=_...........,.....,..+...H.++.._=
Ronwncidus polyvanthemos . L 5 | 1 A O N e 11 Tt I B PRV SRS SRV S |1 IR
Berteroa incina I I T | I A S T v St 1
Calamugrostis eplgeios N e 1 1 A O O O O O B | I [ LL IS e
Thutdium abreliner-ml| e Y P S 0 - S N B ' R R I AR A |
Viola arvensts S T T e S S IR | | | PR () Y I
Seliclago virgeurea ! I | DR REEURNETY [N DUDURPRRERPRRPRPR [N P I PR {1
Eqtaselum hyesmale S 1 S O RS SR | | | I
Equiselum arvense .. .1 .. m. ++ T ! . + .11 + +| 11 :
Cavex hirfa L 1 1 O O U I ) OO O P Tt I A I | |
Plugiomainm cuspidatunt-nl P NN UL B | | R 1f. A B N .
Plewrozium sclireber-ml RIES L I I T2t 1 | P T T
Peltigere caninea-ml TR T T NNH= =
Erigeron canaden L . ++ 4. It g r.m
Brviom species-ml e 1 e S B P B e I nnO“
Calinm Horeale i 0 | | I SO Y IR RPN I | =
Elvirigia repens ,N+="m_ : M




Table 2 (the end)

TWINSPAN group A 77*(:: R E’ C 5 D |3~ E 17

Ti1122277 8] z1111111112777}3111111222222?151111i111‘§|111'§

Number of releve 999000088 E6 H673RINIEIVRRMEREBO090000008/EC6777777 24802

45671272405 670012345681350(7800800345G00/GEY012678|0,123[2]

Vieia telvasperiin s N D T 1 | . |+ P II . ‘

v Festwee ovima L0000 . ) 1 m. . ... ..., . D 2
Phivusmm nodosum 1. I L2 . .... oo l|. ..... l .

FPopulus fremadde o000 N 1. e Joo+n

Melandrium albhum R . . ... ‘ o ! | [ i ..... E . I

L

Sporadic species

Aegopodivon podugrarie 1 (186), Alchemille vlaweescens + (184), 1 (185), Anchwsa officinelis + (200), Anthyifis ¥ baltica 1 (177), Arlemisin vulgaris = (208),
AMrichum undubalum-ml + (186), Brachvthecitum starkei-mil 2 (180, 184), Callievgonella cusprdata-nil 1 (183), Companula rotundifolin 4+ (204}, Chmaciom
dendroides-ml 1 (199, Conralmddus arvensts A (FR2, 2000, Dauens carota + (200, Euphrasia parviflora + (202, Hieracmm species + (195), Tvpericim
macabatum U T80y, Hypochoeris radicala -+ (197, Linarta mdgaris + (1983, 204), Myosotis areensts 1 (199), Ocnothera biennis 1+ (191, 192), Ononts aroensis
2 (17, Peltigera didaciyla-m) 2 (203, 2000, Plagiopmiem affine-ml 1 (184), + (185), Plagiomuninm undulelum-ml 1 (184), + (185), Pua compresse 1 (192),
Polvtrichum funiperimom-ml 4 (201), 2 (203), Polentiily reptans + (188), 1 (190), Querens robwy + (178, 780Y, Rumeneulus repens 1 (782), Bose species + (188,

190, Suponeric officinatis

(198, 2058, Versuiea arvensts 4 (208, Veronien officinatis -+ (198), Viola x balltica 1 (183), + (197).

Localities of relevés

165-167 — Ventspils, northwestern part of the airficld next to the ruins of an individual house, dry grassland
168-178 = Saulkalne, next Lo the railway between Saulkalne and Tkdkile, 2 ki from the railway station lkSkile next to the individual farm Bulstrumi, an

ald sanel pit,

2 (733), Stlene vulparis 4 (179, 181), Tanaeelum vulgare L (165), 2 (167, Thafictrian Javem 4 (183, 185), Verbouscum rigrumi

179-185 — Milupe, flaod plain of the right bank of the Pededze River near the bridge, 300 m to SE from the individoual farm Loymalas, dry grisssland
186-190 — Daugavpils, 2 km o N from the railway station MceZciems, a railway cmbankment

191-193 — Daugavpils, 3.5 km to 8 (rom the railway station adraine, a vailway embankment

194-207 — Dyzelzamurs, the left bank of the Misa Biver next to the mdividual Grm Krasling, dry grassland

208,200 — Vecummeks, 2.5 km Lo NI from Vecunicki next to soldiers’graves, dry grassland

TRO-TR2 — Valgunde, 4 kot to NE from Valgunde next to the individual farm Ziedini, dry grassland

TH3-78S

Brankas, the right hank of the lecava River, 3.5 kmoto SE from Brankas next o the individual farm Zemdari, dry grassland
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Table 3
Site parameters for vegetation relevés in the Table 2
(number of relevé corresponds with the number of relevé in the Table 2)

Releve Releve Aspect Slepe  |Coaver herb Cover moss; Number of | Date (year/
number area (m-) | {degrees) {(degrees){ layer (%) | layer (%) | species | month/day)
TWINSPAN group A
194 4.00 - 0 80 80 31 20000802
195 4.00 - 0 75 70 31 20000802
196 4.00 - 0 90 75 22 20000802
197 4.00 - 0 85 30 27 20000802
201 4.00 - 0 85 8 33 20000802
Loo202 4.00 - 0 95 15 30 20000802
207 9.00 - 0 90 1 26 20000802
782 9.00 - 0 75 55 23 20020723
784 9.00 - 0 50 55 14 20020730
TWINSPAN group B
165 | 25.00 - 0 70 0 19 19970717
166 25.00 - 0 35 0 19 19970717
167 9.00 - 0 80 0 16 19970717
179 4.00 - 0 90 0 23 20000816
180 4.00 - 0 85 15 23 20000816
181 4.00 - 0 95 0 22 20000816
182 4.00 - ¢ 95 45 27 20000816
183 4.00 - o 93 5 30 20000816
184 4,00 - 0 100 ! 35 32 20000816
185 4.00 - ¢ 0 1 25 . 20000816
186 I 4.00 360 65 60 ! 1 24 : 20000720
| 208 400 - 0 95 3 27 - 20000802
L7190 - 0 85 35 a7 20020723
783 6.00 - 0 80 60 16 20020730
785 4.00 180 1 70 , 30 23 . 20020730
TWINSPAN group C ‘
187 4.00 180 ‘ 60 50 . 15 0 20000720
188 3.00 180 60 45 5 | 24 - 20000720
139 3.00 180 60 55 : ) 28 20600720
190 6.00 180 60 1+ 50 ! 5 ‘ 20 20000720
198 . 4.00 - 0 | 80 ) 70 3l 20000802
199 4.00 - 0

0 1 60 36 20000802
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Table 3 (the end}

Releve Relevé Aspeet Slope | Cover herb!Covcr moss| Number of | Date (vears
number | arca (m*) (degrces) . tdegrees)| layer (%) | layer (%} | specics nmnthjcla_vj
200 4.00 ! - ‘ G 80 ‘ 39 25 | 20000802
203 4.00 180 4 65 63 24 20000802
204 9.00 - ] 70 20 31 | 20000802
205 6.00 - 6 75 | 40 22 20000802
206 9.00 - 0 70 ‘ 30 21 20000302
209 4.00 - ] 50 20 25 20000802
780 5.00 T - ‘ )] 60 | 35 25 ! 20020723
TWINSPAN group D
168 9.00 180 5 45 | 0 | 24 | 19990715
169 9.00 180 10 - 50 25 25 19990715
00| 400 ; 180 15 7% .0 27 19990715
171 4.00 225 15 60 | 15 25 19990715
172 4.00 180 10 85 : 0 17 19990715
176 4.00 225 5 80 0 28 19990715
77, 400 | 135 15 60 13 30 19960715
178 I 4.00 135 ‘ 15 ’ 65 . 0 .17 19960715
TWINSPAN group E
ot I 300 | 138 ' 13 - 50 18, 28 20000720
192 3.00 135 1 35 1z, 26 20000720
i 193 3.00 L 135 ! 1 | 50 ‘ 30 | 27 20000720

In our opinion, these differences are not so significant and group € can be as-
signed to the Ass. Diantho-Armerietum, but further imvestigations are needed to
create a more detailed classification. It could tum out to be some geographical variant,
because also Krausch (1965) emphasizes that moving to the east to more continental
climate this association becomes more mesophilous and Pott (1995} mentions several
geographical races differing by spectra of flonistic elements.

Group D includes relevés from only one locality (Saulkalne). This group is distin-
guished with several xerothermophilous species of the Cl. Festuco-Brometea
(Helictotrichon pratense, Carex caryophyllea, Phlewm phleoides, Medicago [alcata)
ocouring only 1n this locality. Dominants are mentioned species, in places also Foa
angystitolia, Viscaria vulgaris and Calamagrostis epigeios. Species Potenttlla arenaria
and Phlewm phleoides, often classified as the character species of the O. Festucetalia
valesiacae (Matuszkiewicz 1981; Mucina et al. 1993), indicate the continental char-
acter of this plant community.
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Syntaxonomically the group represents typical transitional plant commumty of
xerothermophilous calcareous grasstands (Cl. Festuco-Brometea) and xerophilous
sandy hahtat vegetation (Cl. Koelerio-Corynephaoretea). Nevertheless, the group
should be assigned to the Cl. Koelerio-Corynephoretea, All. Plantagini-Festucion,
because the character species of the alliance Dignthus deltoides, Ariemisia campestris,
Phlewem phleoides and Viscaria vulgarts (Dierssen 1996, Pott 1995, Matuszkiewicz
1981), are with high constancy and cover. This group bears some similarities with the
communities of the Ass. Armerio-Festucetum veronicetosum spicatae described in
Bavana (Hohenester 1960) which also includes species of the Cl. Festuco-Brometea —
Helictolrichon pratense, Phlewm phleoides, Galium verum etc.

Group E includes only 3 relevés from the Daugavpils-Kidraine locality. Both
TWINSPAN classification and DECORANA ordination showed that groups D and E
are similar by floristic composition and ecology (Fig.3, Table 2). Species with conti-
nental distribution ike Kneleria glauca, Silene otites, Astragalus arenarius, Helichrysum
arenarium indicate that this site possesses specific edaphic and microclimatic condi-
tions promoting development of plant communities characteristic for more continen-
tal regions to the southeast from Latvia.

Syntaxenomically group E 1s assigned to the Cl. Koelerio-Corynephoretea, O.
Festuco-Sedetalia, All. Koelerion glaucae becausc relevés encounter the charac-
ter species of the alliance Silene ofites, Astragalus arenarius and Koeleria glauca. Also
Helichrysum avenarium, Veronica spicala, Carex praecox and Pulsatilla palens are
species representing plant communities with continental features. Some of these
continenial species (Helichrysum avenarium, Silene otites), are described to occur in
the more continental part of the Ass. Armerio-Festucetum helichrysetosum arenarii
described by Hohenester (1960) in Bavaria.

Synecology

Relevé groups separated on the floristic background can be easily mnterpreted
ecologically. First axis of DECORANA ordination (explains 36% of variation, A =0.65)
can be interpreted as fertility gradient where fertihty decreases from the left to the
right side of the diagramm (Fig.3.). The vegetation gradient associated with the sec-
ond axis (explams 28% of variation, A=0.51) reflects a trend from miore fresh soils
(high scores on the axis) to dry soils. This axis 15 associated also with stability of
substrate, Relevés collected 1n stable grassland habitats with well developed sod
(Dzelzamurs, Milupe) have low scores on the axis 2. Relevés collected in highly
unstable habitats both in strongly eroded places (Saulkalne, Daugavpils-MeZciems)
and in habitats disturbed by natural (Brankas — extreme dryness) and anthropogenic
{(Daugavpils-Kadraine - regular burning) factors have high scores on the axis 2. On
the whole relevés within groups are rather heterogeneous,
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Fig.3. DECORANA ordination of releves

The relationship between vegetation and soils, suggested by Ellenberg values
indicates that communities growing in relatively drier soils (Groups D and E) are less
tertile but with higher soil reaction (Table 4) and with more continental character. The
last 1s reflected also by spectrum of species phytogeographical elements (Fig4., 5.,
6.). Groups C, D and E belonging to the Cl. Koelerio-Corynephaoretea have slightly
higher number of species with subcontinental and continental distribution area. Groups
Aand B belonging to the Cl. Molinio-Arrhenatheretea encounter more polizonal weakly

neeanic species.
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Frpd. Species continentality group spectra. IN — inditterent, KT — continental, SK - subcontinen-

tal, VO — weakly oveanic, SB ~ suboceanic, OK - oceanic
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Fig.5. Species zonality group spektra. PL - polizonal, BT — boreo-temperate, TE - temperate, TS -
temperate-suhmeridional, SM - submeridional

100
90
2 80
g 70 OEA
g 60 1AM
w '
50 e OEZ
E 40 ] e OES
E k. T WEM
= 20 L K 14 FaE =HE]
: .
a —
A B C D E

TWINSPAN group

Fig.6. Species scctorality group spektra. AM American, EZ - Eurasian, ES - Eurosiberian, EM -
Furopean-Asian Miner, E1 - European, €1 - Circuinpolar

Tuble 4
Ellenberg indicator values of edaphic and
climatic factors for phytosociological groups

TWINSPAN group
TFactor

L A B C b E |
Light 72 | 72 75 73 79
Contmentality | 4.0 4.2 4,2 44 5.0
Moisture 4.2 4.1 3.5 3.5 2.9
Reaction 4.4 4.8 4.5 6.0 54
Nitrogen 3.5 38 2.9 28 26
Temperature 4.2 4.7 4.8 5.1 58

\ 1
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Soils

Soil physical properties were rather similar in both profiles. Dominating soil par-
ticle fraction was fine sand constituting 77-95% of all contents in different soil hori-
zons. Saulkalne profile had shghtly higher amount of coarse soil particles while
Dzelzamurs profile had higher percentage of fine soil particles {Table 5).

Table 5
Particle size distribution, % (particle fractions after Kachinsky 1958)

Soil particle fractions

Fine : Sand Silt cl
. . . av
S{_’ll Depth. gravel * Coarse Medium| Fine Coarse |l‘\/ledium Fine .
horizon cm — I —
. . = G.25—~ | 0.05- , 0.01- | 0.005-
3-1 1-0.5 '0.5-0.25 0.05 0.01 0.005 | 0001 <0001
mm mm mn mm
mm mm mim mr
Profile I Saulkalne
T T _ 7
Ah 0-8 1.53 (.76 4,91 81.15 + 215 | 2.38 ' 276 3.03
AlBr. 8-27 0.68 0.73 Q.75 77.84 3.96 2.45 5.12 2.92
B 27-55 0.00 0.00 0.00 92.04 2.28 | 0.70 1.71 2.43
BC 5532 0.00 0.00 0.00 94.39 1.43 ! (.30 1.45 2.03
C $2-110, 0.00 | 0.00 0.00 92.23 0.67 I 1.91 ; 0.26 | Q.78

Profile I1 Dzelzamurs

A, 0-25 | 0.00 0.48 3.41 | B0.53 | 847 | 0.76 1.-40 2.59
B 2542 | 0.39 (.33 0.52 | 8456 | 8.72 0.78 1.15 1.39
BC, 42-60 | 0.00 0.00 0.00 9198 | 278 212 ‘ 1.72 0.40
C 60-G0  0.00 (.41 038 | 94.36 | 063 0.02 ‘ 0.40 3.01

Mhfferences in chemical properties of soils were more pronounced (Table 6). The
top soil of the Saulkalne profile represcnting communities of xerothermophilous
Festuco-Brometea and xerophilous Koelerio-Corynephoretea vegetation was less
acid than that of the Dzelzamurs profile representing mesophilous Molinio-
Arrhenatheretea communities.

Distinctive feature of the Saulkalne profile 1s higher amount of Ca and Mg ions and
two times higher base saturation. It can be explained by the mfluence of regular
burning on the top soil because these differences are not evident in deeper soil
horizons.
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Tabie 6
Chemical properties of soils
[ s _§ o] ' - . “
) W = & _ - . - o8
g | s ‘ ST - R I N - I,
& i AN |- S = w ¥ o= 5
)= = e A - - - = =2 a
= e | £ ¢ BEEmIE|RE. T o4 2| S| = #®
— a —_— - = = = i -~ -
A1 2 |& 3 ZREEES|&ER O (=2 | &£ | | S | &
Profile | Saulkalne
A -8 59 5 2.4 42 | 637,384 | 122 ’ 81 21 21 |¢13

6
AB,| 827 55 49 18 05 | 216 194 61 22 | 12 10 | -
B | 27-35 53| 4.7‘ 18 | 05 | 216 93 7 16 | 79 04 | -
)BC | 5562 55 49| 14 1 05 | 268 44 4 19 | 66 03 | -
C 82—110‘5.6‘ 50 09 | 05 | 355 42 4 2| 51 03| -

Profile Il Dzelzdmurs
A, 5 521 47 47 i 2.0 305 275 51 80 137 2.1 (014
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DISCUSSION
Plant communities and synecology

Results show that in Latvia, A.vulgaris occurs tn two anthrepogenic strongly influ-
enced habitat types — dry semi-natural grasslands and on railway embankments. The
species is present toth in the communities of the Cl. Molinio-Arrhenatheretea and in
the Cl. Koelerio-Corynephoretea.

Nevertheless, A.vudgars has its ecological optimum in the All. Plantagini-Festucion
of the Cl. Koelerio-Corynephoretea. It is proved by the fact that TWINSPAN groups
Aand B, although belonging to the mesophilous grasslands by overall floristic compo-
sition, encounter several species restricted to dry sandy habitats suggesting that
these conimunities are a transition stage between mesophilous and xerophilous grass-
lands.

These data are consistent with soctological behavior of A.vulgaris in the central
part of its distribution area. | 'ne main distribution area of A.vuigaris lies within Central
Europe - northern part of Germany and Poland. Primary habitats for the species
there are gray dunes and sandy terraces m valleys of large rivers, secondary it
grows inantropogenic habitats which support plant communities of the All. Plantagimi-
Festucion — open sands, fallow-lands, railway emnbankments and road verges. Young
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stilideveloping soils which warms up and dry out readily and are medium to weakly
acid with high basc saturation are common for all these habitats (Pott 1995;
Matuszkiewicz 1981; Krausch 1968),

Ass. Sileno-Festucetum Libh. 1933 and Diantho-Armerietum Krausch 1955 are
the man associations where A.vulgaris 1s represented. These assoctations are by
some authors merged into the Ass. Armerio-Festucetum trachyphyllae {Libb. 1933)
Knapp 1948 ex Hohenester 1960 (Oberdorfer 1978; Pott 1995; Rodi 1974). Another
association but occurmg more to the south (in Czech Republic) is Erysimo diffusi-
Agrostietum capillaris Vicherek 1997 which is floristically very close to the Diantho-
Armertetum but with some phytogeographical peculiaritics (Chytry et al. 1997).

All the menitioned associations have the same feature — the character species
both of the Cl. Festuco-Brometea and the Cl. Koelerio-Corynephoretea participate
in plant community with the equal importance (Kovdf 1980, Rodi 1974, Pott 1995},
This 1s why the Alliance Plantagini-Festucion is classified into the Cl. Koglerio-
Cerynephoretea by some authors (Pott 1995; Passarge 1964; Dierssen 1994) but
others assign it to the Cl. Festuco-Brometea (Oberdorfer 1978: Ellenberg 1996),

Such a regularity is observed also in the current research in TWINSPAN groups
C, D, and E which are classified as the All. Plantagini-Festucion communities. Con-
sequently, this feature of the alliance maintainsalso in the periphery of its distribution
arca and this emphasizes that this alliance includes typical contact communities of
xerothernmophilous calcareous and xerephilous sandy grasslands.

Stability of localities and implications for conservation

Localities of A.valgaris concentrate in two regions in Latvia - in the central part of
Central Latvia and in the surroundings of Daugavpils town in southern Latvia. Only
twe localities are known from other regions - in the surroundimgs of Ventspils town in
the Coastal Lowland and in Aluksne Upland near Malupe.

Majority of localities are recorded in the period from 1950 to 1999, Up to 1992
only 7 localitics were known (Parape (pen.) 1978; Baronina, Lodzina 1992) but others
were registered in the last ten years, This fact gives indirect proof of the spreading
of the species during the last decade. Up to now, no case of extinction of localities is
known.

Regarding geographical positien of localities, it is worth to mention that almost all
localittes are located in the surroundings of large towns (Riga, Ventspils, Daugavpils)
and are situated in river valleys — the Daugava and the Liclupe with its tributanes the
lecava and the Misa and one locality in the Pededze River valley. Possibly, these
rivers are the migration routes for A.pulgaris both because of suitable habitats which
are more abundant along the coasts of rivers than outside the valleys and also it can
dispers by means of water. The species has no special dispersal mechanism. The
fruit can be blown by wind but it can also float buoyantly in water (Woodell, Dale 1993).
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Both the history of findings of the species (recent recordings of new localities)
and geographical location of the localities (close to urban areas) as well as habitat
preferences (only antropogenically strongly affected habitats) suggest that the spe-
cies can be regarded as meso- to euhemerob element of flora although it is believed to
be oligo-meschemerob in Central Eurcpe (Frank, Klotz 1990). In Finland, Armeria
maritima subsp. idermedia (transition form between species A.marifima and A vulgaris)
is classified as archaeophyte (Ryttiri, Lahti 1992).

Despite its good ability to survive in extreme conditions and rather good renewal
abilities, A.vulgaris 1s endangered species nearly in all the distribution area and it is
included into the Red Data Book of several countries (Ingeltg et al. 1993; Ryttin,
Lahti 1992). It is connected mainly with reduction of habitat quality and destruction of
suitable habitats (Biedermann 1998; Hohenester 1960; Woodell, Dale 1993).

A.vulgaris 1s a species of open habitats with weak competitive ability. Important
factors for successful maintanance of the species in a site are different disturbances
keeping the site open. They are mainly man's activities — mowing and grazing of dry
semi-natural grasslands, moderate trampling and burning. Important are also natural
disturbances —erosion and dryness (Ryttin, Lahti 1992; Woodell, Dale 1993; Rodi 1974).

In Latvia, A.vuelgaris is included in the category “vulnerable™ (Tabaka 2001). Only
3ofall mventoried sites were still managed (but with uncertain future - one of them
{ Dzelzamurs) was abandoned next year after inventory), others were abandoned for
several years. Although the results of inventory show that localities are vital, the spe-
cies can be endangered in the nearest future because of its specific habitat require-
ments. [t is supposed that in anthropogenic habitats such as railway embankments the
species will be more stable because management (namely burming and fixing of em-
bankments by gravel and sand) is regular but in semi-natural habitais such as dry
grasslands it will be more unstable because of abandonment of such sites. As more than
halfofall 18 locahties are grasslands, for Latvian localities the most important factor for
maintaining the species 1s a goal-directed management of these grasslands.
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Parastas armerijas Armeria vulgarts Willd. sociologiya Latvya
Kopsavilkums

Parastad armeérija Armerta vielgaris Willd. Latvija aug uz izpiatibas ziemelaustnunu
robezas. 2000. gada devinas no 18 zindmajam A vulgaris atradném tika inventarizétas
novertejot atradnu pasreizejo stavokli un aprakstot sugas sociologiju.

A.vulgars cenopopuliicijas bya vitalas un bagatigakas neka leprieksejas
nventarizacijds (vairuma gadijumu suga bija dominants vai kodominants). Suga Latvija
sastoparna tikal sinantropos biotopos — sausos zalajos un uz dzelzcela uzbérumiem
gzn klases Koelerie-Corynephoretea (Koelerion glaucae, Plantagini-Festucion),
gan klases Molinio-Arrhenatheretea (Cynasurion} sabiedribas.

Pétijuma rezultiti liecina, ka A. mulgarts Latvija ir stabila suga ar tendenci 1zplatities.
Sugas 1zplati$anos veicina cilveka darbiba — dzelzcelu un celu uzbérumi un sausu
zalaju apsarmniekogana (1eskaitot aridedzindganu) rada 3ai sugai plemérotus biotopus,
kuri dabiskos apstak|os Latvija biitu sastopami daudz retak.

Suga tomér ir apdraudéta, un tai nepieciesams izstradat aizsardzibas pasakumus,
Jo tas sastopamibu strauji ierobeZo piemérotu biotopu izzudana, kas saistita ar sauso
zaldju apsaimniekodanas partrauksanu.
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Abstract

The pine forest vegetation of the Daugava Loki Nature park was described using Braun-
Blanquet method in erder to clarify vegetation structure and ecology of forests, where rare
and protected species of Latvia occur.

Two associations typical for Latvia were described: Cladenic-Pinetum and Vaccinio vitis-
idaeo-Pinetum as well as two rare communities Convallaria majalis-Pinus sylvestris and
Brachypodium pinnatum-Pinus sylvestris. Species indicator values according Ellenberg stan-
dard scales show, that edaphic conditions tike nitrogen content and seil reaction determine the
main differences between plant communities.

HKeywords: Pine forests, plant communities, Cladonio-Pinetum, Vaccinio vitis-idaeo-Pine-
tum, Convallaria majalis -Pinus sylvestris, Brachypodivm pinnatum-Pinus sylvestris.

INTRODUCTION

Daugava Loki Nature Park is located in the Daugava River valley area between
the western border of Kraslava and stretches up to Naujene in the Aug$daugava
Protected Landscape Area. Tts area reaches 129.9 km®. In 1990, the nature park was
established there to maintain the unique ancient landscape of the Daugava River
middle course, its valuable nature complexes, plant and animal species diversity as
well as the cultural and historical monuments. Charactenstic natural phenomenocn
here 1s 8 large the Daugava River meanders. The length of each meander reaches
4 — 6 km, but the distance between them is only 2 — 3 km. Characteristic local names
are given to them, like Adamova (Skerskani), Zvejnieki, Tartaka, Daugavsargi, Ververi.
Rozaliski, Butiski and Eleme meander. In the east-west direction the Daugava River
vallev crosses the hillocky Baltic ridge, separating Augdzeme and the Latgale Up-
land (Nikodemusa 1994).

The Daugava River here cuts mainly the Quaternary deposits of different thick-
ness that are exposed at the bank fall-off. They are favoured by springs running out
from the Devonian clay layers. In some places between Krislava and Daugavpils
yellow Devonian sandstone cliffs are exposed. Two km below Kraslava a large bank
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fall-off 15 exposed where a 50 cm thick layer of interglacial peat is revealed that is
lovated between the Devontan rock and glacial debris. At the tops of the meanders,
the flow has washed out high, steep basic banks but in the meanders up to 1 kin wide
terraces have developed whose surface is covered by gravel and pebble sand. On
the terraces, humid podsolic soils have developed where large pine forest areas are
situated. Forests cover about 38 % of the total area of the nature park. Mainly these
are medium age pine stands with the admixture of birch and spruce in some places.
‘The dominant forest type is lans (Myrtillosa), but on richer soils damaksnis (Hylocomio-
sa¥ pecurs. Many rare and peculiar plant species grow there, From the floristic point of
view, 1t 1s one of the most valuable areas in Latvia (Fatarc 1987; Nikodemusa 1994,

The Daugava River valley plays a prominent role in the origin of the Baltic flora.
There are 63 phytogeographically remarkable vascular plant species which can be
divided into 6 groups: 1) species that occur only in the Daugava River valley; 2) species
that occur in the valley and the closest vicinity; 3) species whose main distnbution
area is East from Latvia and that mainly grow in the Daugava River valley; 4} species
that are distributed mainly in the Daugava River valley and in the coastal region;
5) western species that in the Daugava valley reach the north-east border of their
distribution or grow inits vicinity; 6) littoral species that migrate along the Daugava
River valley towards the central part of the continent. Species whose distribution
area 18 located cast from Latvia, like Lathyrus pisiformis, Neottianthe cucullata,
Dracocephalum ruyschiana often reach here the northern, north-western and west-
e limit of their distnibution. The distribution areas of species that are distributed in
the Daugava River valley and at the coast of the Baltic Sea are located mainly to the
south or south-east from Latvia. Similarly, along the Daugava River valley and the sea
coast these species migrate whose distribution areas are west trom Latvia, mcluding
rare species in pine forests, hke Ajuga pywamidalts. Therefore, 1t 1s possible to say
that Daugava valley 1s a migration way in both the directions (Darape 1989). The
largest areas covered by pine forests are located on the terraces of the meanders
between Kraslava and Daugavpils. The most prominent floristic raritics here in the
Daugava Lok Nature Park are Lathyrus pisiformis and Neottianthe cucullata. Tor both
species 1t 15 one of the three localities n Latvia (Fatare 1992). In the frame of the
Complex Pine Forest Research Programme in 1997, a project was started to detect
the factors that determine the occurrence of the rare plant populations in the pine
forests. [t was found out that rare species of the pine forests have a higher demand
for warmth and light and are less demanding for moisture than vegetation of ohg-
otrophic and oligo-mesotrophic dry pine forests in total . The further task raised in the
programme 1s to study the flora and the vegetation of the pine forests in the valleys of
the large rivers. These forests are characterised by high species diversity. It is
planned to describe and classify the pme forest communities where the rare and
protected plant species occur, to analyse the ecolegical factors that determine their
distribution. The aim of this study is to describe and analyse vegetation of pine forests
m Daugava Loki Nature Park.
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STUDY SITES AND METHODS

In July — August of 1998 and 1999 the pine forest vegetation of the Daugava Loki
Nature Park was studied. For data analysis (classification) 60 relevés were used
whose plot size ranged between 400-2500 m®. Forests were described in 8 mean-
ders: Buti$ki, Ververi, Rudna (Tartaka} and Adamova (ékerskéni) on the right bank
and Elerne, Rozaliski, Daugavsarg: and Priedaine (Kraslava) on the left bank of the
Daugava River.

For vegetation classification the computer program TWINSPAN (il 1979) was
applied. Vascular plants, bryophytes and lichens were evaluated in the relevés in the
four layers of the forest stands: E3 — trees; E2 — shrubs and undergrowth; E1 —
herbs, dwarf shiubs, scedlings of trees and shrubs; E0 — mosses and lichens of the
ground layer. For every species of each layer coverage was estimated. The percent-
age was transformed to the Braun-Blanguet scale and surmmansed in the tables the
following way:

+ — coverage upto 1%;

1- : between 1-4%;
2- “ -24%;

3- “ 25-49%;

4 — “ 50--75%;

5- “ >75%.

Species ecological charactenistics are estimated using standard scales developed
in Central Europe (Ellenberg et al. 1992), values were calculated weighted by cover-
age.

Species nomenclature: vascular plants — Gavrilova, Sulcs (1999); bryophytes —
Abolina (2001); lichens — Piterans (2001).

RESULTS

In total, 183 vascular plant species and 27 bryophyte and lichen species were
found in 60 relevés. A number of species varied from 20 to 72, averaging 42 species
per relevé.

According to the first level TWINSPAN division, the relevés were divided into 2
groups (Fig.1.). Species richest include Pimpinella saxifraga and Rubus saxatilis of
constant occurrence. The second group has no diagnostic species. On the second
level of division, oligotrophic relevés appear that are characterised by the presence
of Diphasiastrum complanaturm and Clading rangifering, and in the mezotrophic group
reievés with Campanula persicifolia, Hepatica nobilis, Plagiomnium afftne are sepa-
rated. Further in the text the vegetation peculiarities of the 4 groups of relevés are
charactersed.
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Fig. 1. TWINSPAN dendrogramm

Oligotrophic forests — Cladonio-Pinetum

The community was distinguished in 7 relevés from Rudna, Adamova and
Priedaine meanders on both banks of the Daugava River. The tree layer includes
only two species, such as Pinus sylvestris with a small admixture of Picea abies. In four
relevés pine occurs also in the undergrowth, but in six — 1n the herb layer pine
seedlings appear. [t testifies that in this species-poor plant community where light
conditions are very good, the natural regeneration of pine takes place. It is conquered
by spruce undergrowth that is recorded 1n 6 relevés and pioneer species, like Befula
pendula, Salix caprea, Populus tremula. In the undergrowth also Quercus robur occurs
and m underwood Frangula alnus, funiperus communis grow. The total coverage of
the shrub layer 1s small, ranging between 2-20%. As in most of the studied forests
thinnings are undertaken, the coverage of the tree laver does not exceed 30%.

In the herb layer the characteristic species of the Class Vaccinio-Piceetea domi-
nate, like Vaccintum vitis-idaea, V. myrtillus and Diphasiastrum complanatum. Also
Calluna vulgaris, Festuca ovina and Melampyrum pratense are common. The coverage
of the herb layer ranges between 15-35%. In total, only 29 herb and dwarf shrub
species were determined, 16 of them were found only in ene description.
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The moss layer covers between 40-75%. Pleurozium schreberi and Dicranum
polysetiom dominate, Lichens. especially Clading rangifering and C. arbuscula havea
relatively large coverage. In total, 17 moss and lichen species are distinguished.

From rare and protected plant species Diphasiastrum complanatum, Arctostaphy-
los uva-ursi, Linnaea borealis, Astragalus arenarius are to be mentioned.

The studied plant community 1s assigned to the Cl. Vaccinio-Piceetea, O. Piceetalia
abietis, All. Dicrano-Pinion, Ass. Cladonio-Pinetum. The floristic compesition of the
association 1s shown in Table 1.

Table 1
Floristic composition of the Ass. Cladonio-Pinetum
_Number of relevé ‘ 1 2 3 4 i 5 l 6 | 7 |
mm_ber of species per relevé | 30 28 25 20 25 I 23 : 20 5,
Cover of tree layer, % 30 20 30 20 10 20 20 é
Coverofshnublayer,% | 5 | 10 | 20 | 5 | 10| 5 | 2 &
_Cover of herb layer, % ‘ 25 20 _15 15 20 i5 35 | ~
Coverofmoss kayer, % 70 ! 75 © 75 ° 55 ' 40 75 | 65 !
Characteristic species of the Cl. Vaccinio-Piceetea and Pulsatillo-Pinetea
Pinus syloestris E3 3 2 3 2 2 2 2 | Vv
Pinus svloestris E2 1 + + + I
Finus sylvestris Fl + + + + + + v
: Fieva abies B3 . . + + + + + Iv
Picea abies B2 + 2 1 1 1 + v
Vacctnium vitis-idaea o2 2 2 2 2 2 13 v
Diphesiastrum complunatum | 1 ! 1 | . 1 1 1 1 Vv
Varciniem myriidins + 1 1 i 1 + + Y
Carex ericelorom ‘ + + . - 111
Arclostaphylos woa-urst + . 1 1T
 Plewrozium schreberi 9003 4 | 3 [ 2 | 2 | 1| 2 |V
I Clading arbusculn 2 l : 2 2 1 ;1 Y
Dicranusi polvsclum 3 1 2 1 4 2 2 ¥ Vv
Cluding runglifertng 2 4 1 2 Z 4 3 v
Hvlocosniwm splendens L 2 3 2 t v
Clricling .simﬂ(f'ix J + t +o | T ‘ 3 III
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Tuble 1 (continuation)

Number of relevé 1 2 5 6 7
Number of speci?.s per relevé ' 30 28 25 23 1 20 -
Cover 6f tree layer, % - 30 . 20 710 20 . 20 é
Cover of shrub layer, % 5 | 10 10| 5| 2 | B
| Cover of herb layer, % 25 | 20 20 | 15|35 ©
Cover of moss layer, % 70 75 40 79 1 65 ‘
Other species
Betula pendula E3 + | |
Belula pendula E2 1 + 2 1 1 v
Salix caprea + + + III
Quercus robur + + , I
Frangula alnus + + + | IIX
Juniperus communis 1 + II
‘ Populus tremula + + Il
Culluna vuigaris El + + 1 2 1 v
‘ Melampyrum pratense L 2 2 1 1 Y
Festuca omina 1 + 1 + v
‘ Calamagrostis epigetos + 1 + | |
© Convallaria majalis + + II
Agrostis tenwis + IT
Veronica officinalis + 44
Rumex acetosella + fl
Polytrichwm juniperinum EO' + + 1 + L v
Pohlia nutans + + + T\
Drerasuem scopariem + ; 11
Aulacomnium palustre + + + m
Cefraria islandica + + + ! I
Cladonia cornuta ‘ 11
Cadumia gracilis + 1

species in 1 relevé: E1: Monotropa hvpopitys +(1), Solidage virgaurea + (1), Antennaria divice
(1), Searzonera humilis +(1), Astrugalus avennrivs +{1), Calamagrostis arundinacea +(2), Luzulg
mudtiflora +(2), Pyrola chlorantha +(2), Rubus idaens +(2), Carex nigra +(3), Luzwlu pilosa +(3),
Linnava boreaits +(5), Trentalis europaea +(5), Viola canina (3), Dryopteris carthusiang +(6).

EO: Plitisgm crista-castrensis +(3), Sphagnum capillifolium + (3), Cladonia furcata +(4), Brachythecium

oedipudium  +(B), Lophocolea heterophvila +(6).
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Oligo-mesotrophic forests — Vaccinio vitis-idaeo-Pinetum

It 1s the most widespread pine forest community in the Daugava Lokt Nature
Park. It is represented by 23 relevés. Tree layer is formed by 3 species. Pinus
sylvestris dominates, in separate places it occurs together with Picea abies and Betula
penduli. The medium coverage of the tree layer is 30%. Twelve species are distin-
guished in the shrub layer, the most common are Picea abies and Betula pendula, as
well as Sorbus aucuparia and funiperus communis. Although in most of the relevés
pine 1s also in the ground layer, its natural regeneration is not satisfactory. In the
undergrowth (E2), it has remained only in 35% cascs. The coverage of the herb layer
ranges between 10-40% . The domuinating species are forest dwarf shrubs, such as
Vacernium vikis-idaea and V. snyrfillus, but other species of poor soils, hike Festuca
ovina, Molmpyrum pratense, Calluna vulgaris are also often met. In total, 64 species
are included in the list. The moss layer covers between 40-90%. Constantly 4 charac-
ter species of the Class Vaccinio-Piceetea occur, such as Pleurozium schreberi,
Hylocomium splendens, Dicranum polysetum and Ptilium crista-castrensis. Inabout a
half of the relevés scattered lichens characteristic for the ground layer of oligotrophic
forest occur tke Cladina arbuscula, C. rangiferinag, C. stellaris. [t must be mentioned
that Hylocomium splendens and Plilium crista-castrensis have a larger coverage as
commonly in the oligo-mesotrophic forests. [t suggests the eutrophication processes
n the ground layer.

Rare and protected plant species are represented by Lycopodium clavatum,
L. armofinum, as well as Dhphasiastrum complanatum, Platanthera bifolia, Pulsatilia
patens but in separate places also warmth and light demanding species 1rifolinm
alpestre and Geranim sanguineum grow.

The species composition of the community 1s revealed in Table 2.

The {loristic analysis testifies that the studied plant community belongs to the
Cl. Vaccinio-Piceetea, Ass. Vaccinio vitis-idaeo-Pinetum. Relevés were made on
the rght bank of the Daugava River, m Butigkl, Verven and Adamova mensnders and
on the left - Priedaine, Daugavsarg:, Rozaliski and Elerne meanders.

Mesotrophic pine forests with species-rich herb layver —
Convallaria majalis-Pinus sylvestris community

The floristic composition of the tree laver 1s sumilar to the Vaccinio vitis-idaeo-
Pinetum. Prrus sylvestris dominates with an admixture of Picea abies. Betula pendulu
15 more common and occurs in 40% of the relevés but Popudus bremidda 1s rare. Pine 1s
mentioned in 50% of the relevés alse in the herb layer but in the undergrowth only in
1 relevé. It means that in this community, the natural regencration of pine is unsatis-
factary although the coverage of the tree layer 1s not high and ranges between
15-40%.



Table 2
Floristic composition of the Ass. Vaccinio vitis-idaeo-Pinetum

Number of relevé 12 3] 40s|6] 7] 8 ofw|nj12[13]1415]16l17]18/19 20 2122 23

. Numberof species per releve | 33 |20 | 4129 (41 [35 32 [35 |30 43 [33 | 20139 | 23 30| 36 34 | 5127 |27 27| 30 42
_ Cover of tree layer, % 30 130 | 25|30 '30 |30 | 35 |30 | 30 '40 |20 |20 30|20 30|30 31| 30|20 | 30 I 20( 30| 30 é
“Caverofshubloyer,% | 5 7153 7|5 10] 5 3] 6| 6| 5 13| 6101 1]12 10| 1|15 2[10] 5 E
Cover of herb layer, % | 35 |20 | 55 [20 | 26 [20 |20 [20 |35 (38 |20 | 18 21 30|31 22{10, 20(30 ] 10 30| 10] 12 3
Cover of moss layer, % | 80 |70 ! 60 |70 | 80 |70 | 80 |60 rzo 80 75| 75] 75 | 80|85 80|90 70|80 75| 40| 50 50\
Characteristic species of Cl. Vaccinio-Piceetea and Pulsatillo-Pinetea

Pinus sylvestris E3 313213 13133 3|3 | 3 l gfz|3)2|3 313 323,23 3'V
Pinus sylvestris B2 1 + + + N |
Pinus sylvesirts El O T T I I N A I S A + + + ot LY
Dicea abies E3 + 0+ 2 + 2 + 1 + +? I1
Picea abies E2 2 IS I U I S [V VR T Ry Vi I IS IR I R O I 1V
Picea abies El + + . + |+ . 1 ‘ 11
Vaccinium vifis-idaea 211 1|2 2 1 1 2 212|222 2 (1 2|2 111 11V
Vacetnium syrtillus 2|2 212 2122 + 222|210+ +1. 1 v
Chimaphila wmbellata | + + + + + |+ + + + 1| + 111
Goovdyera repens + |+ + + + |+ |+ + + | + + 111
Carex ericetorum N I + o+ + + |+ |+ |+ | + o+ ITI
Arctostaphylos uva-ursi + | + + 171 + ‘ + | 1
Trientalls curopaca D+ |+ bt + + + + 1
Lycopedium clavatum . | , 1 + |+ 11
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Table 2 (confinuation)

Number of relov [1]2 3]a]s 6|7/ 8] ofofu 1213 14 15116 17 18 19 20| 22 23] |
Number of species 1x:1'rc]}316j£ 29 |41 129 (41 (35 |32 |35 {30 (43 | 33 29_ _39 }} _737()77&5 34 | 51 27 4 7277_ 271‘22 ] 42| 2 .
Cover of trec layer, % | 30 (30 | 25 |30 | 30|30 |35 _370741 30 |40 720 20 30 20‘ :3704. 30,31 | 301201 30| 201 38 301 E
Goverofshrublayer,% | 5[ 7 15[ 3] 7] s]10]5 36l el s/13] 6 10¢ 1]12]10] 1]15] 2 20| 5' E
Coverofherblayer, % '35 20 55120 |26 |20 [20 20 35038 20|18 21 30031 22|10 20(30 | 10! 30| 10] 12 ©
Cover of moss laver, % 80 |70 60,70 |80 |70 |80 60 70 [80 75| 75,75 | #0i85 80|90 | 7080 ] 75| 40] 50| 50,
Iiphasiiesingm complanaen . 1 | . | 1 I T 1‘ 1.1+ 1 I . ‘ A I O D R R
DPrdsatill patens A O I - N - : ‘ P4+ + + II
Monalropa hypapilys . | | + ! + | |

Lycopodivn wanotiim L IR I . ‘ o | .+ % 1 ! cl ‘ N . ~ . . A . ’ I
VOrthiti secunde . + I+ | ' . ‘ + .
Plewrvztum schyoberi EO 1 1 2 ! 212 ]2 ! 2 .12 AR l sl 3 3|44 4i4]a a4 | & 3' 2 3} A
| Hylocomiwm splendens 5 4 4|3 4 la a4 144 43 3202 12 1 2 | 1+ 2w
" Dicranum polysetum | 17+ + |11 "2 o+l a2 12 o2 2 03 2 21 2 3 +.V
Piilium crista-castrensis |1 ] 2 ! + 12 |1 I 2 12|+ + |2 12 1| +2 (2111 o+ +| Vv
Claduue arbuscula L 1 | 1 ‘|+ + l 1 I 1 ‘ 21111 + + el
Chudinag rangiferina N . + . 1 1/ R ! 1 1| 1|11+ | I
Cladina stellaris ]2 | + 1 L. [P | . { + |1 ] II
Other species

Betuly penduda 1.3 - | A : . . | + 4+ | + . ! 1
'}Beemlapendumb‘z + |+ ] 1. v 72 1 ]+ 1+ 4+ 2‘2 LI +[+ 1] + zi V;
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Totde 2 teonlinuefion)

Number of relevé 6,78 14 20| 21| 22| 23 {
Number of species per relevé 35 | 32 23 27| 27| 30! 42) 5
Cover of t_r_ee layer, ?b. _ | 30 35 29 R 53(1 _L__ZO 30 30 §
WCovcr of shmb layer, % | ! 5 ! 10 6 15 2|10 5 g ‘
Cover of herb layer, % 20 20 30 10l 30| 10| 12| © :
| Caver of moss layer, % 80|70 80 80 75 40| 50| 50,
" Sorbus aucuperic + it + + + I +1 . 1| v
Juniperus communis 2 1 2 + I 2 1|V
Frangule alnus '+ I +| + | TV
Quercus robur + 11 \ + | IV
Salix caprea i II
Populus Iremula . : . .o+ 1
Corylus avellana ] . i + ) I
Betula pubescens + . : I
| Sembucus racemosy : + . : N |
" Quarcns robur 101 ; R |
Frangula alnns + I
i Populus tremudn I + | I
' Melampyrum pratense 1 1 1 + | 2 2 2 11V :
Festura oving F + + 1L+ + | 2 1]V
Calluna vuigaris + |1 et |4 1 +| V¥ l
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Table 2 (contimeation)

' Number of relevé 172 s|afs[e| 78] ol 2[5 14115 16[17 18 19 20[ 21] 22 23]
Numberof speciesperrelevé| 33 129 41 |29 | 41 135 [32 |35 {30 [43 (33| 29]309 ] 23|30 [ 35|34 [ 51 27 | 27] 27[ 30] 42 ..
Cover of trec layer, % 30 '30 25 [30 |30 (30 35 [30 |30 |40 120 | 20 30| 2030 | 30|31 | 30|20 | 30| 20| 30| 301 & |
| Coverofshrublayer,% | 5 7 15| 3! 7|5 /10| s] 3] 6] 6| s3] 6lw 1]12/10(1]15 o[10] 5 &
Cover of herb layer, % |35 '20 |55 |20 |26 '20 |20 |20 3538 [20 | 18121 30/31 | 2210 20/30 | 10] 30] 10] 12] ©
Cover of moss iayer, % _ |80 170 160 170 |80 70 [80 |60 70|80 75|75 75| 80 85! 80|00 | 70[80 ' 75! 40| 50| 50
Celamagrostis epigeins 1 111 Py |+ 1 1 U U S SRR BT I T P IO v
Solidago virgauren + - I\ + + L+ + 0.+ ]+ + + 4+ v
Luzula pilosa + 0+ r + o+ . + 0+ + 1+ + |+ |+ O+ v
Dryapteris carthusiana + i + . ‘ + |+ + 0+ | + |+ + | + + + v
Conuvallaria majalis + |+ 27 [ . 2 ‘ 2 +] 1] +11 1] 1 v
‘ Bubus saxatilis + |+ o+ |+ + .+ + |+ + C o+ 111
‘ Scorzonerae humilis + | + + 4 + |+ + |+ + + | 111
| Calamagrostis arundinacea 1 |+ 1 . 1 1 2| + + 1 L] I
| Chamaenerion angustiiolivm  + i | . + + | + + 0+ I11
Hieracium umbellatum + + | . ‘ + + | + 2 i1l
Anthoxanthum odoratum + + : . + |+ ‘ . Sy 4|+ I[I‘
AQrostis tenurs + 4|+ + L +1 ., . + |+ + + | IIT
Preridium aquilinum ! . ‘ 1 + 11
Rubus idaeus + 0+ 4+ + + |+ . .. + |+ I,
‘vagarz'a vesca [ . ; ‘ . ‘ ﬂ___J__-_I-_J . + + + 11 |

i
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Falie 2 tcontinmation)

Number of releve ‘ 1{ 2] 3{4| 5| 6| 7| 8 | 910 11112 13| 1411511617 | 18|19 ‘ 20 21] 22 ”23|
Nurmber ofspecies per relevé 33 |29 | 41 29| 41|35 |32 |35 + 30 |43 3 29}39 23730 | 35|34 | 51027 [ 27] 2] 30| aal .
Cover of tree layer, % | 30130 25 130 30 |30 35|30 13040 2020 30 20 30 S30(31 30120 30| 20] 30 301 g
Coverofshrublayer,.% 5|7 |1613] 7|5 10|65 3 66| 5 13| 6 10] 1)12]10] 1|15 2010 5 E]
Coverofherblayer,% 35 20 |55 20 126120 20 [20 3538 20| 18 21|30 31 22{10]20]30 10 30110 12 9
Cover of moss layer. % 180,70 | 60 70 8070 80 60 17080 |75 7575 | 8085 80_ 90 i 76 86 . 75.‘ 40i 50 | 50;
Rumex acetoselln { + 1+ 4 + | . + + + + : g I
Polygonatum odoratum + i + + . + +: + )+ 1
| Veronicu offemalis + |+ i . + . + +. 1I
Pilosella officinerum + Vo + |+ ! - | + |
Lerchenfeldi Rexuosa 1 |+ 2 N AU B VU ; . | II
Molinta caerdea + + ‘ . 1 ‘ R O
I Trommsdorfic maculate | | ! ‘ + i - + ‘ A
Astragalus arenarius - |- ! v + | + [
Viola cannia ; l .|+ + | . . + ’ I
Thymus serphyllum Ca E | . L . + : +1 1
Knautia arvensis ‘ + ' S + |+ |
Geraninm Sanguineum . i . l . + I + I
Luzuly multiflora Ll ! + | . + 1
Astdennaria divica S 1 | I + + 1
| Pobytrichum juoviperinum ED + |+ + |+ | +1+ w+ | 40+ ]+ + I
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Tuble 2 (the end)

/ Number of relevé 1] 2] §}[_4_ s| 6l 7[8] 9fw/ulizliz 14 15/16/17)18]10] 20| 21 g_z_‘_ 2]
Nurnber of species perrelevé| 33 |29 | 41 120 4135 |32 [35 |30 143 |33 20030 | 23/30 [ 35]34 [ 51|27 | 27! 27| 30| 42, J

| Cover of tree layer, % | 30 |30 25 (30 |30 130 35 |30 130 [40 20| 20|30 20 (30 | 30]31 s0l20 | 3o'| 20| 30" 30 §

Coverofshrvblayer,% | 5|7 15[ 3| 75 0[5 36 6! 5'13] 610 1]12 10| 1 15 2/10] 5 &

Coverofherblayer, % |35 (20 155 |20 |26 |20 2020 [35(38 .20 | 18,21 | 30|31 22[10 2030 | 10| 30| 10 12|

Coverofmoss layer, % | 80 |70 60 |70 | 80 me '80 [60 |70 80 .75 | 7575|8085, 80|90 | 70[80 | 75 40| 50) 50

i_f_)f-)}-ﬂ."{l m;tam' i o R _ + o . 1r s + S R
Anlucomniwm pualustre A | | .2 J + | 0+ ]+ I I

; Bruchytheciom ocdipodivm . | . - A . ‘ . E . | | + . | +| 1

| Dicrunum scopurium . o Co . c T ‘ ] o B .o+ .1

_ Prilidium ciliare | ... Lol I s J‘ R | N 1

Species in 1 relevé: E2 Acer platanoides 1(2), Amelanchier spicata +(9), Lonicera xylosteum +{23).

L1 Galium alinem +(2), Matantherum bifoliun +(3), Epipactis helleborine 1 (5), Moneses unifiorn +(8), Belula pubescens +(11), Lathyrus sylvestris +(12),
Trifoliim alpestre + (123, Vicin svloatica +(12), Carex nigee +(13), Silene nutans +(17), Sieglingia decumbens +(18}, Calamagrostis canescens 1(23), Festuea
rubra +(23), Lonicera xylosterme +(23), Platanthere hifolia +(23), Sorbus aucuparia +(23), Veronica chamaedrys +(23).

E0 Riptidiadelphacs iriquelvns +(2), Plagiomnien affine 4-(8), Sphagrum capillifolrum +(5), Palytrichum commune +(7), Celravia slandica +(8), Cladenia
gracitis +(18), Cladonia scabrinsenda +(18).
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[in the shrub layer, 21 species are detenmned. Species, ike Berberis vilgarts, Acer
negundo, Sambucus racemose suggest synantropization grocesses of the lorest flora.

In the herb laver, the largest cover and constant occcwrrence have the character
specics of the Vaccinio-Piceetea, ke Vaceinium miis-tdaen and Vo myrtillus . as well
as Convallaria majalis and Rubus saxutilis. Grasses. like Agrostis tenuis and Festuca
sving are also common as well as the other species that are characteristic for dry
meadows, such as Pompinella saxifrapa, Fragaria vesca. In general, the herb laver s
species-rich and diverse. [n total, 128 species are distinguished, 59 of them only in
vne or two relevés. Coverage of the layer ranges between 10-40%.

Mosses cover 40-80% of the area. Only 15 species are mentioned. Hylocomizem
splendens dominates. the other moere common species are similar hke in Vagcinio
vitis-idaeo-Pinetum.

fn this community, many rare species occur, such as Ajuga pwrawmidalis, Trifoliem
alpestre, Dracocephalum ruyschiana, Neoltianthe cuculleta, Sesely ibanotis, Pulmonaria
angustifolia, Pulsatille patens. Trifolium alpestre occurs in more than a half of relevés
t54% % ). The community inciudes 19 relevés on both the banks of the Daugava River —
on the right bank Butigki and Ververn and on the left - Rozaliski and Elerme meanders.

The floristic composition of the community 15 shown in Table 3.

Mesotrophic pine forests with abundant grass cover -
Brachypodium pinnatum-Pinus sylvestris community

In the group of mesotrophic forests, this group represents the species-rich com-
munities with abundant grass cover. It 1s difficult to 1dentify their syntaxenonical
status as the number of character species of the Cl. Vaccinio-Piceetea and Querco-
Fagetea is about the samce, On the third level of TWINSPAN division. 3 relevés are
separated. From the others, they differ due to a well-distinguished shrub laver where
Corvius avellana and Lonieera xylosieron dommate. For the other relevés, a high cove-
rage ot herblayer is charactenistic — even up to 85%. Brachypodium pinnatum domi-
nates. Intotal, 118 species were determined in herb layer, 42 of them only in 1 relevé,
Inthe mess layver, only 14 species oveur, some of them suggesting human mfluence,
such as Brachythecium oedipodivem and Plugiompium affine. Coverage of moss layver
ranges between 20 and 706,

Coverage of the tree laver ranges between 20 and 50% . Plaus svlvestris domi-
nates. [t was not found in the shrub laver, but occurred in the herb layer in 3 relevés.
[t means that the natural regeneration of pine 1s not satisfactory and species change
to spruce, and broad-leaved trees can be expected if the artificial regencration of
pine will not take place, Nevertheless, the current pine forest stand is of natural origin,

The shrub Liver in both the varants s different —m the first 3 relevés it reaches
10--70% , but in the varfant with Brachypodium pinnatum —only 5 to 15%. Therefore,
abundant herb laver develeps in the latter.



Table 3 '3

Floristic composition of the community Kobus saxatilis-Pinus sylvestris

Numberofreleve | v 2| 3] 4| st 6| 7] 8|9l 11z w[15]16[17 [18]10] ‘ :
Number of spocies perreleve |61 72 | 64 4L | 51 ] 43 [ 50 15 |36 ;43 |58 |40 |53 152 | 44 |60 |45 44 50 | .

Cover of tree layer, %..__,..___20 130 ! 20030 | 40| 30 | 30 ' 30 | 40 ) 30 (35 |35 |30 |40 | 3520 |20 120 '15 §
" Cover of shrub layer, % 5 1 i 0 15 7| |4 9[5] 57| 6|15 |10 50 &
| Cover of herb layer, % 26 |15 30 !21 | 41|40 62 35|25 2426 |15 |30 [25 | 21 40 |23 |32 |10 | 7

Cover ofmoss laver, % 80 |60 [ 70 {75 [ 80 [ 80 |40 [ 70 [e0 {70 [71 5 [s0 [65 [ 50,65 [60 [60 180 |
Characteristic species of Cl Vaccinio-fl’iceetea and Pulsatilio-Pinetea r | ‘ |

Prows svivestris E3 2 | 3 ‘ 2 | 3 3] 3 313 |3 313 3 12 2 2 2|2 2 ; 2 A% |

U Pinus syloestris B2 . . o . . R o . . . . . . . . ‘ . I l
iP:';m.\- sylvestris 1 RN A T I iy g | + I .| I

D Pieea abies 153 AR N e T + 11 o+ NENNS

| Pieew abies E2 + 0+ ‘ 1 1)1 1 1 111 1 + 2 1 v

Pivea abies El + ! oo ‘ + I ‘
Vaceinium vitis-idaea o 2 2121 2 SN 0 U A RS AN W IS N S BRSO IS D A '
Vaceintum myrlillus : + ‘ + -2 i 3 2 2 | c 21 111 2 1 v |
Govdyera vepens + N + |+ |+ + 0+ + IV,
Chimaphila umbellata + R + + } + o+ |+ + . III §
Pulsatille putens + | J l I O + 4 + b+ ur .2
Arctostaphylos woa-wrsi + o + 11 i | :%
Frientalts cuwropaca + + . . . . + i + + ‘ + | 11 i %




_Number of relevé

Tuble 3 (continuation)

4! 5

1] 2 3 6 7|1 8] 910 |11 |12 |13 | 14 T 1516 ;17 | 18 19
Number of species per relevé * 61 | 72 | 64 , 41 | 51|43 | 50 [ 45 136 |43 (58 |40 [53 [52 | 44 | 60 |45 | 44 (50 o
’Cover of tree layer, % 20 130 | 2030 J_ 40 | 30 | 30 30 4_-0__r 30 [35 {35 |30 |40 35|20 |20 | 20 15 E
 Coverofshrublayer, % | 6 |15 10 13115 7 |14 11 | 4 )| 9 5 517 615|110 | 10 5110 ! 2
Cover of herb layer, % 26 |15 130 21 |4l |40 | 62 35 |25 124 /26 |15 |30 |25 2l |40 [23 |32 |10 S
Cover of moss layer, % 80 |60 | 70 (75 | 80 |80 | 40|70 [60 70 |7 |65 [80 |65 | 50 |65 60 |60 80 |
Monotrope hypopitys + o+ | + |+ + | + n
Curex ericetorum S : | + |+ f + I
Lycopodtum cluvatum } e 1 | I
Lycopodium annotinum i . . . ; I
Pyrolu chlorantha ! . . - ! + |+ . I
Orthilia secundu ‘ R | + r i ‘ . I
Pyrola rolundifolin "4+ . . . . . Lo . S+t . I ‘
Plewrozium schreberi 16 4 4 2 1 14 2 2 2|2 212 11 3 2 3| 4 2 314 Vv
i Hylocomium splendens 2 ‘ 2 4 ; 4 2 3 4 ! 4 |2 | 4 4 |4 4 4 212 |3 3|2 AY
| Dicranum polysetum 1 + ! + |+ R e e S R A S + |+ |V
Philtm crista-castrensis 1 2 + 1|2 2 2 4+ |2 2 11 |1 1 2 + 4 + |+ Vv
1 Clading arimscul + : . : + 1
Other species
Betulu pendulu 13 . \ . S T ’ 2 2] 2]2]2]. \ 2 'm
Betula pendula E2 2 1 . 1 |+ + 1 + 1 1 + | . M
Sorbus awcuparic 2 o1 2 I + {7 1] J_ + |+ 1+ [+ |+ '+ + | + [+ + ‘ + l \i
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Taide 3 (confinuation)

| Number of relevé tl2) s a]l sle ] 7] 8loonle y ulss[ir el
Number of species per relevé 61 7_2_ _J 41 ! 51§43 | 50 )45 |36 | 43 |58 | 40 ;53 | 52 | 44 ‘I-GO | 45 44_ . a0
Cover of tree laver, % 20 130 | 20 |30 |40 30 3030 f40 [30 35 {35 "30 Ta0 | 35,20 20 |20 [15
Cover of shrub laver, % 6 15 | 1013 | 15 Tl14)11] 4 9 5 | 5 7 6 | 1510 |10 10
Cover of herb layer, % 26 |15 30 |20 [ 41|40 [ 62|35 [25 |24 |26 | 15 [30 [ 25 | 21| 40 | 23 10
| Cover of moss layer, % 80 |60 70175 |80 s |4 |70 |60 70 |71 |65 [s0 65 | 5065 60 60 80
; /H;II)?."FHS PO 1 + TZ 2 2 1 1 2 1 1 I_I 2 2 1 _2 2
Freangula alns + 1 + + + 1 1 + |+ |+ 1 1 + 1
(Qrerens vobur 1 1 . | + 01 1 2 1 + | 1 + + + 1+ | +
Salix capred N I S T S I O I + +
Corylus avelfuna } 1 ? + ' + ‘
Popichies tremude . + + + | + + + | +
Vibwrmon npulns + + + !
Salix myrsinifolin + + 1 K
Meches syloestris + I | + [
Acer platanoides + + + +
U Padus quium + | + _ + +
Melamipyrum pratense K1 1 1 1 1 1 202 2 1 2 1 1 . 2 2 1 2 11
Conuallria majedis + + + 11 |1 1 20+ A A + 1 i+ 1,11
| Festuca ovina + + |+ |+ + + |+ | + + |+ 1 1 | 1 + o+ o+ 1 1
Calluna vudgarts S I B e O T A I
| Lezude prlosa S R T R N A + | + |+ + |+ |+ = g+t ‘ + ‘, + 4

<2<:I‘

Constancy
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Table 3 (comtinuation)

8| 9

T

Number of relevé 1 2 3 4 5 6 7 10 |11 I 12 113 | 14 | 15116 117 | 18 |19
Numbgr of sgeciis per relevé (61 | 72 | 64 | 41 5717 }.’E __EO 7 45 36_|_ 43 | 58 | 40 53 | 52 | 44 | 60 |45 | 44 |50 >
* Cover of tree layer, % 20 |30 | 20|30 | 40| 30 [ 30|30 {40 |30 |35 |35 30 |40 | 3520 (20 |20 |15 g
| Eover of shrub layer, % 6 15101315, 7 14|11 4 91 5 5 7 6| 15|10 |10 5 | 10 E
Cover of herb layer, % 26 |15 | 30 21| 41 40 |62 35 |25 |24 (26 |15 (30 |25 | 21 40 |23 32|10 | ©
| Cover of moss layet, % 80 |60 | 70| 75 78(14 %O 40 | 70 |60 [ 70 |71 | 65 B0 |65 | 6O |65 |60 | 60 |80 L
| Rubus saxatilis + 2 + 1 1 1 2 1 1 | + 1 2 1 1 2 1 + \%
I Agrostis tenuis + + |+ |+ + + |+ + + + + + 11 |+ ‘ + |+ v
' Fraguria vesca + + 0+ 1+ 1 2| + + [+ 1 212 |1 2 |+ \'
Pimpinella saxifrage T I e ‘ ! o T I T I T B G I
 Viula ranina + + + + + + + |+ |+ + + + |1 |+ + |+ V
Knautia arvensis + + + 4+ + + |+ 1 + |+ |+ |+ + |+ | IV
Pilpsella officinarum + + + 4 + + + |+ + + |+ + IV
Anthoxanthum odoratum + 1 + 4+ |+ 1 |+ + |+ 1 1 + v
! Soltdago virgaurea L S + + + |+ + + |+ + |+ | IV
| Veronica officinalis t- + . + + o+ |+ + | + + + + + IV
Culamagrostts arundinaced 10111 ‘ 1 2111 1|1 1 + + | IV
i Cualamagrostts epigeivs 1 '+ + |+ 1 1 + 1 + 1 1 Iv
 Gatium album + T + | o]t + + + | IV
Actitllea miilefolium + + | . : + + + |+ + II1
| Thymus serpyllum + + + R + + [ II1
Rubus daeus + |+ [+ + + + + LTI
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| Number of releve

. .
Number of species per relevé

T s

4l

Tuble 3 fromlmuation)

Caver of trec laver, &

Cover of shrub layer, %

Cover of herb layer, %

Cover of moss Eiygr. %

30
13

2l

Festuea rubra
Folvgonation edoratum
Trifolim alpestre
Diryopiorts carthusianda
Viervonicu spivat
Melica nutens

Vil cracea
Hivracium wnbellutum
Poa pratensis

Stlene nutuns

Fumex acctosa

Neoltiunthe cucullata
Dleridivem aquiliinem

Lerchenfeldia flexuosa

Chrmaencrion angustifolium

Rremex weetaselli

6l (72 | 64
20 130 | 20
6 .15, 10
26 |15 | 30
80 60 | 70
- 1
+ +
+ |- |+
+ -
+
+
+ +
1 1
1 +
1

11 1516 |17 |18 |19
58 44 | 60 |45 |44 |50 | ..
35 35 2 [0 15 | §
5 15 110,10 | 5|10 :
26 2110 23 |32 |1 |
7 50 | 65 |60 | 60 | 80

" T BT

+ fo+ IO

+ 0+ .

T i

+ Ut | + ‘ + |10

I

+ + I1
Lo

4 o f + | 11

+ + | + IT
! + : + [1 1

+ ‘ + 9+ |+ . |0

| '. .|
% + . I1 |
. . S|
R + \ . 9] }

10149
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Table 3 (confinuation) |

Number of relevé 12l s3] 4] sl el 7 s olwfulrlslulislwr Lo |
Number of species per relevé | 61 | 72 4 64 | 41 | 51 | 43 | 50 (45 |36 [ 43 '58 | 40 |5h3 |52 | 44 60 (45 |44 130 | 4, ‘ !
Coveroftree layer, % 120 |30 | 20 | 30 _‘%40 30 30|30 40 |30 35 |35 30 |40 | 35|20 |20 |20 35 | §
 Cover of shrub layer, % (6015 10713 150 7 4 ualols| 5] 7] 6 1510 10| 5 10 &
Cover of herb layer, % 26 |15 | 30|21 | 41,40 62]35 |25 |24 (26 |15 |30 |25 | 21|40 |23 |32 10 | ©
Cover of moss layer, % 80 |60 [ 70]75 | 80 |80 | 40|70 |60 |70 |71 |65 |80 |65 50|65 |60 | 60 |80 ]
Trifolium montanum . . + 1. T+ . . . . . . . . + . N !
Seselt lthanotis . . 1 . . ; . . . . ; . + + . . . . + 11
Lewcapthemum vegare . + | . . . —_— . . . . . . . R . ‘ {1 |
Galium verum . . - o + 1+ |+ + ‘ I1
Scorzonera Rumilis I+ | + + |+ + ! _ I
Veronice chamaedrys ) R I . ‘ + + + I1
| Trifolium muedium . R R I T + + | 11
Succissa pralensis . . | . .t + + | + ; . ) . ) . . . o . Ii
Hypierieum perforatum . R . ; . . . . .+ . + A Co I1
Geranium sarguineum . . ) ) ) + . . . . + . . . . . + + ‘ . I
Molinia caerulea . . . . . . + |+ |+ N . . . . . . . II
Platanthera bifolia . . . . . . . ) . A . . + |+ o+ + ‘ + | N
Melumpyrum polonicum . . . . . . . . Lol ; . 1 + . . 2 I1
Taraxecum officinale P+ + . . ; . . Lt I + | . . . . o+ .o I1
Muehringia trinervie + + . . . . . . . . . . . . S+ . |L . I
Visearia medgeris . + . . . S . . . . : + . . Co . I . I :

Hied unien DOT BAREng( S Ul S21MUNWWOD Jueld isa30) auld -aquug vqivd
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Tehle 3 fronlinuation)

[ Number of relcve 12 sT s e 7 s w0z s e 15 e 7 s |19
Number of species per relevé iL:{LZ . 64 | 41 | 51 ;__41 50 *45 36 43 58 40 53 |52 44 | 60 |45 44 . 50 ! >
| Cover of tree layer, % 20 130 [ 20 | 30 | 40 | 30 | 3030 40 30 _35_L 35 ,30 §T40 3520 120 20 1571 §
Cover of shrub layer, % |6 ) 15 ' 10 lSj lﬁ_‘__z 1_4 ; 11 4 li?ﬁiij 7 f 6| 15| 10 |10 ‘_5 . 10 E
Coverofherblayer, |26 15 30 21 | 41[40 6235 |25 24 |26 15 |30 125 | 21 |40 |23 |32 |10 | ©

| Cover of moss layer, % % [60 {70 75 | a0 |80 | 40,70 |60 |70 [71 |65 |80 |65 | 50 65 |60 |60 |80 | |
Stellariu greniinea . i + | + 1 I‘ : 1
Brachytheciwan wedipodivm E0 L + + 0+ . . Co Lo . R + b+ |+ + III
Polytrichwm peniperinum + 4 . ‘ + + + I+ + | II
Anlacomnion pulusire + + 1 + | I + |+ : + ) ‘
! Rhytidiadelphes triquetrus . . + ! + + + ; H

' Pohlia muans . . . . . . o+ + |+ . | |

| Dicranum scopariem 1. 1] ‘, 111 . . 1 . + . . ‘ . . Nk i I
Species in ) or 2 releves: B Rivtidiadeiphus squarvosus WD, 102, Plagivmnium affine +2), Covipholbum piliferum +-(19), Ceratodon purpirens 1+ (16),

123 Poprelus bremuda - 0110

152 Seeboeens raeenitose 4 (2, Aeev negonde 4 033, Berberis vidgaiis 4+ (3, Rhampus cathertica (30, Belula pubescens +(14, 18).

1 Agrimonin cupatoria (030, Carex pravens 2013, Carex hirte +(1,2), Carling vulgaris +(1,13), Clinepodiem vadgare 1 (1,7, Epipactis alrondbens (1),
Epipactis hellebortne (1), Egraesetuny iiemale 200, 1061, Ladvrus syfvestris +(1), Leantoden hisprdus A(13), Lenteera svlostewnt (1), Medicago fuleate 1015,
Maneses wnifloru +Q1), Genothere bivinis 1), Plantage funceclete v(1), Plantage media (1), Senecio jacobaea +{1,18), Valeriana officinalis (1), Anihrvscus
svlvestris (2}, Detula pubeseens 1(2), Cenlanerea scatiosa - (2), FKlvmus caninies +(2), Efvtrigie repens +(2,3), Galtwm boreale (23, Lychuis flos-cucudt + (2},
Myveelis muralis -(2), Polvgenatum multiflorem +(2), Ranunculus arvis +(2), Thymus oratus 1(2), Trommsdorfia macidata +(2.4), Brachypodium prnaizem
163, Campanide persivifolie (3, [elianthenen wumpndariem 1 (3), Ranenculus polvanthemos +(3.7), Stlene vulgaris +(33, Astragalus arenarins +(5), Corix
migra + (&), Gereninm sylpaticum +(4.7), Lathorus vernus +(4), Plamtage major US), Nuga pyramidabs +(7,11), Potenlitla evecla +(7), Curex carvophyllen + (83,
Diphasiastriom complanatum + (4, Steglingia decupbens v (3), Holews lanalus (9,17, Koeteria pyramidate +(9,10), Luzwle muliiore 410,18, Hepalica
nehilis Y1), fumiperies commirs +(11), Linerta vulguris +(11.12), Maianthemum difoltum +(11), Pulmanaria angustifolie +(11), Vicie cussubica +(11,13),
Swrhus areuperio -0, Aegopodinen podagraria + (10), Dravercphaliom ravschinnn (17 18). Viole rupestris 0170, Fraxinus excelsior 019), Padus avium (191,

|
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fieiba Bambe. Pine forest plant conmumunities m the Daugava Loki Nature Park as

In this community, scveral rare and protected species, ike Ajuga pyramidalis and
Trifolium alpestre occur. Only in such a grass-rich pine forest on the Daugava River
left hank in Daugavsargi meander Lathyrus pisiformis grows. There are known only
Jlocalities of this species in Latvia (Tabaka, [aspuiosa, ®arape 1988).

On the left bank of the Daugava River, the community is described in Daugavsarg,
Rozaliski and Elerme meanders and on the right bank in Ververi and Butiski mean-
ders.

In one of the relevés also rare species appear that occur mainly in poor habitats,
like Epipactis atrorubens, Pulsatilla patens, Chimaphila umbellata, Lyvcopodium
annottnuem, Seselt libanotis as well as Digitalis grandiflore that 1s more characteristic
for open places and broad-leaved forests.

The flonistic composition of the community is shown in Table 4.

Table 4
Fleristic compeosition of the community
Brachypodinm pinnatum-Finus syivestris
(Relevés ¢-1D)

" Number of relevé T1T2 3 4 5|67 8 ' 9 {10l ] |
| Number of species per relevé | 60 | 58 ' 45 §,ﬁ-48 6660 47170[69 66
Cover of tree laver, % 50135120 = 30 30 204030 |30(20 20 E
Cover of shrub layer, % (7020 /70" E 5 6 s5l10/15]15]10/15( %"
| Cover of herb layer, % 201515 O (90|75 95 80 40| 75|90 35 | O
—Cover of moss layer, ‘7;: 6316545 | 70|65 160 55 _@0 20 : a0 | 65
Characteristic species of Cl. Vaccinio-Piceetea and Pulsatillo-Pinetea -
Pinus syloestris Ex 2lal2|3lalaj2]3la 3 2 2 v
Dinus sylvestris El . . N AR
Pieea abivs B3 212 3+ 0+l 10t ‘ + | + } Vo
Picca abies E2 50t 3 1 | 112 1y
Vareiniuwm wovrtilius + 3 1 1 11 (i 201]1 \'
Vieotnium vifis-iduea + [+ 2+ [+ '+ + 1V
Goodyera repens + [+ 13 1 C + v
Trientalis enropaea + 1|+ |+ |+ el ]+ 1 | v
Urthilia secunde + '+ 2|+ + . H
Dlewrozium scivreberi EO + 1 3 12|21+ 2 1 2 2 | Y
Hylocomium splendens 4 3 2 3 4 4°3 ! 4 4 2 i 2 | 3 ‘ Y
Ptiliwin cristu-castrensis . | 2 : + 2 2 1 3 2 210112V
I])f'crmmm polysetun o+l P2+ | 1|

Characteristic species of Cl. Querco-Fagetea
Corvlus quellune E2 + 204,383 . |‘1‘|i+) ![




BIOGEOGRAPHY

Table 4 (continuation)

Number of releve J1i2|3 456|789 10,1
Number of species per relevé 60 ' 58 |45 | ., [49 | 48 | 66 | 60 47170 69 | 66
Cover of tree layer, % 150 :35 | 20 | % 3030201403030 20] 20
Caver of shrub layer, % _17_0140 0[%5|6|5][10]15 15110 I 15
| Coverofherblayer, % 2015 [15| 3 {9075 | 95 80[40 759035
rCover of moss layer, % ) I 65 | 45 70 | 65 | 60,55 60 ; 2013065
Emc@ xyloste;rﬁ__i _f_Z_I_Z T_3_— N ; . l _-I-
Daphne wmezereum + |+ 2 -
Viburnum opulus + 1|+ . ‘ + +
Acer platanpides + 1 + R

Malus sylvestrts | + 1. .. D+
Calamagrostis avundingeea £1 | 1 [+ |+ |3 {2 | 2] 2 112121
Melica nutens 1+ I3+ + 1+ 1] 2 2
Hepatica nobilis {22311 |21 + |1
Carex digitata + |+ 2|+

Maianthemum bifolium F 1|+ +
Acgopodium podagraria . I + (1 | + | +
| Lathyrus vernus T+ 1 +14+ 171

Hieracium umbelictum ‘ . + + | +
Other species

Betuly pendula E2 + |2 4 1 2 +1 1 - i
Sorbus aucuparia + + 2|4+ |+ |+ 1
Franguln alnus + | + 2 1|+ A A |
Quercus robur + + | 2 1 +11 1|2
Quercus rabur Bl + (. +].
Jrniperus communis + |+ [+ 21212
Salix caprea + + |+ |+ +11
Populus bremula + 1 + [+ |+

Padus avium o+l + [ . ] - +1.1.
- Ruhus saxatilis E1 112,13 121312122
| Veronica chamaedrys + |+ |+ 3 +|+]|+ I + |+ |+
;Pimpz'm’!la saxifraga +/1]1 3 + |+ + + (2|1
s Galium album +, + ]+ 3 + |+ + 1+ 1|+
" Viola caning ++ |+ ‘ 3+ |+ + + ]+
Convallaric mayales + |+ 1 3] +]+t1]1 i
i Solidago virgauren +]1j+]3 ' +
: Fragaria vesca + : +l2 [+ 112+ +
Preridiem aqualinnm ‘ 1 " +]2]13.2 i 21,2131

Constantcy




Baiba Bambe. Pine forest plant communities in the Daugava Loki Nature Park 857

Table 4 (conttnuation)

[.\?Enger of releve 1 23 456 7 8]9110]1
Egléller of species perrelevé 60 58_ 15_. > __49J 48 66 ] 60 }7 70 | 69 | 66 2
_'—Cover of tree layer, % 90 35|20 E l 30 3020 . 40 30|30,20(20 E
[Coverofshrublayer,% 70 40/70 % 5 6510 15|15/10 15| &
“Cover of herb layer, % (20116715, G 90 75 95 80 40|75]90 35|
Cover of moss layer, % 165 65]45 }L?o'i 6560 5560 20[30 65
Geranium sylvaticum + +12 ]+ | L1 |1 +11 + ¥V
Campamda persicifolia + 2+ |+ + |+ ]+ + |+ + ¥
Melampyrum pratense + |+ 2 1 { + |2 1 2 IV
Luzula pilosa + .|+ 2 . { + | + ++ |+ JIV
Veronica officinalis + |+ 2 - ++1+ |+ + |V
Trifolium alpestre + [+ 20+, . |+ + |+ + |1 IIV
| Dryopierts carthusiana + [+ 21+ + |+ + + IV
!Rubus 1daeus + + 2. - + o+ IV
|Po[yganatum odoratum + +:2 + + ‘ ‘ - + 1+ | ‘,IV
-~ Taraxacum officinale i+ { 2|+ l + ‘ + + IV
| Trifolivm medium + |+ L2 ' + .|+ .10
i Primulu veris + .+ 2 ‘ + | 1
" Angelica sylvestris + 2 b i . .
Agrostis fenuis 1 | + + 4+ ]+ +|+ +.V
Knautia arvensts 1 ! L -+ i +|+ + ]+ + IV
Galivan horeale R O o I O S I 2 11 + IV
iP{)tmfi![a erecla + 1+ | + | + ; | + [+ |+ |IV
' Mycelis wiuralls R . + 0+ L1l
Succissa pratensis + : 1|+ 1.1 + - | II
Clinopodium vulgare o 1 ‘ . | . : + ‘ + | 11
Stachys officinalis + 1 ‘ il
Aguilegra vulgaris '+ 1 | + |+ ’ I
Anthryscus sylvestris + 1 + 4+ P+ . II I
Lathyrus sylvesiris 1 Pl b+ ' 1 11
Ajuga pyramidalis R | . ’ D+ + L II
Cerastium holosteoides .|+ 1 B ‘ + + 11
Moehringra trinervut 1 + . I
‘ Hypericum maculatum 1 | + I
Silene vulgaris I I N A B L . I |
Brachypodium pinnatum S 3:4°4/3.2 212 2%
| Festuca rubra |!!| !.!+1+ + + t 1;+:V




88 BIOGEOGRAPHY
Table 4 {the end)
| Number of relevé 1 1 2 i 3 ! Lﬂi ! 516 7)_8_|_9 1011
Number of species per relevé | 60 , 58 45 ' > ! 49ﬂ78 66 | 60 4? 7069 ! 66 2
Cover of tree layer, % 501351207 £130|30120[40|30130[20]20| &
Cover of shrub layer, % 70 1 401 70 E l's | 6 5110115115110 15 E
Cover of nerb layer, % 20{15]15]1 S |90 75| 95|80 40l 750 00(35} 3
Cover of moss laver, % 6o | 65 ]‘ 45 70 | 65| 60|55 | 6020|3065
"Cattuna vulg(m'; . o ! + + + + | IV
Anthoxanthum odoratum +l+ |+ 4|+ | IV
Stellaria graminea + .|+ |+ + i IV
Lathyrus pisifirmis - + 1111 11
| Mulinia cacrulea + |1+ + 11T
| Achillea millefolivm . |+ + I
Viola riviniana . + |+ + '+ III
Chamaenerion angustifolinm + | + +  + 11
© Seorzonera humilis |+ + |+ I11
| Renunculus polyanthemos F + | + 11
| Lathyrus pratensis + + + 11
Agrimonig expatoria + + |+ |11
\ Victa cracca + + 11
| Silene nutans - + |+ II
| Festuce ovina + + | II
|; Hypericum perforatum + 1I
| Platanthera bifolia + + i
Trommsdorfic maculata + + 0] I
Plagiomnium affine E0 2 213+ + 20+ +|1 +{¥
Brachythectum oedipodium + 2181 |+|+r2]l+t+]+ Y
Rhytidiadelphus triquetyus ] 2 +1+ (X
Rrodobryum ruseum + + L 2 + 1
Crrriphylium priiferum 2 T | + . : 1
Awulacomnium palustre + |+ |+ + |+ [TV
Polvtrichum juniperinum + + il

Species in 1 relevé: E2 Swida albe +{4), Euonsmus verrucosa +(5), Rhamnus cathartica +(5),
Salix myrsinifolia +(6), Betudu pubescens 1 (7), Berberts vulguris +(10).
EL Fesfuca giganiva +(2), Oxalts acetesefla +(1), Chimaphita umbellate +(2), Epiobivm monfanem +(2),
Lewcenthenom vidgare +{2), Lvecopodium annotirum +(2), Pilosella officinarem +(2), Vi sepium +(2),
Thalictrum flavam +(4), Glechoma hederacea +(5), Holeus lanatus +(3), Poa nemoralis +(5},
Stedlaria holosiea +(5), Vicla mirabilis +(5), Linnaea horealis 4 (6}, Polygonalum muldtifloriom 1 (6),
Veronica longifolia +(6), Luzula mulliflora +(8), Carex pullescens +(D, Seselt {thanolis +(9), Veronica
spicata +(9), Vieia cassubica +(4), Calamagrostis epigeios 1010}, Centaurea jacea +(10), Digilalis
grandiflora 1(10), Epipactis atrorubens +(10), Leontodon hispidus +(10), Origanum vulgare +(10),
Prunelle vulgaris +(10), Briza media +(11), Carex carvaphyllea +(11), Cirsium vulgare +(11),
Phlewm pratense +(11), Puisatilla pafens + (11), Selinuwm corvifolic +(11}%
EO0 Polvtrichum commune +(13, Dicranum scoparium +(5), Plagiolhecivm ruthet +(7).



Baiba Buambe, Pine forest plant communities in the Daugava Lokt Nature Park g9

Comparison of plant communities

In Tahle 5, 59 species are separated, which have constancy higher than 50%
(V and IV constancy class) n at least one community. In all communities, characteris-
tic species of Vaccinio-Piceetea and Pulsatillo-Pinetea are widespread except
Diphasiastrum complanatum and lichens Cladina arbuscula, C. rangiferina. They are
constantly present in Cladonio-Pinetum, but rare or absent in other communities.

Ass. Vaccinio vitis-idaeo-Pinetum is characterized by larger cover of forest
dwarl shrubs Vaceinium vitis-idaea, V. myrtillus.

Community Convallaria majalis-Pinus sylvestris has some features of Cl. Querco-
Fagetea characterized by high constancy of Corvaflaria smajalis in herb laver and
Ouercus robur in underwood.

The most peculiar 1s community Brachypodium pinnatum-Pinus sylvestris, for which
almost three times higher cover of herb layer is characteristic as in other communi-
ties, as well as constant species Brachypodium pinnatum, Campanula persicifolia,
Ceraninm sylvaticum rare or absent m other pine forests.

Table 5
Constancy of the most distributed species

! I —
Convallaria Bn}dzyp ¢
Cladonio Vaccinio majalis . (_mjm
Index/specics Pinet B | vitis-idaeo- Finus p”;'f.ﬂ wm
netm Pineturn | sylvestris S
: ; svlvestris
| COMMHH i’!‘_‘v’ .
| COPIMLNILY
Total number of species 54 96 s 140
Average number of species perreleve | 24 34 30 : 59
Average cover of tree layer % 21 28 ' 29 7 28
| Average cover of shrub layer % 3 7 9 ) 10
Average cover of herb layer % 21 24 28 73
Average cover of moss layer % | 65 72 67 53
Charactensiic species of the Cl. Vaccinio-Piceetea and Pulsatillo-Pinetea
Prnus sylvestris B2 vV vV Y i v
Pinus sylvestris El Vv v m ! 1
Preea abies E3 v . v ! v
Picea atries E2 V vV v IV
Vaceinizom vitis-idaea F1 Vv ¥ v Vv
| Varcinium myrtillus v v v vV
Diphasiastrum complanatim V . I .
Goodyera vepens . §is1 v IV
Trientalis europeace I II 11 ! v

__f_’feumzium ja‘h?’eb(’ri Ef YV ¥ \ ‘ A
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Table 5 (continuation)

. Convqi]qr:a BT;::;};‘?U
o Cladenio- }.@c_cmlo ma_;ahs pinnatum-
Index/species Pinetum vmg-ldaeo- Pmus_ Pirus
Pinetum sy!uesfrt:\: sluestris
commiunily community
Hylocomium splendens v Vv Vv Vv
Ptilium crista-castrensts 1 Vv Vv v
Dicranum polvsetum A v Vv 1
Clading arbuscula A 1 I
I Cluding rangifering A I
Other species
Betulu pendulu 2 A Vv III v
Calluna vulgaris El A v v v
Meiampyrum pratense Vv Vv Vv v
Festuca oving N A v I
Polytrichum jwniperimum E0 v 111 II I
Aulacomniem palustre m II I IV
Brachythecium cedipodivem 1 1 I v
FPohlia nutans v II I .
Sorbus aucupariy E2 . Vv Vv I
funiperus communis I v Vv Y
Frangula alnus 111 v v v
Qucrcus robur il v V' v
Sulix caprea oI il I v
Calamagrostis epigeios E1 m v IV .
Veronica officinalis I 11 v v
Convalleria majalis 1 v V 1
Agrostis fenuts 1I 111 v v
Solidage virgeurea I v IV H
Luzula pilnsa 1 v Vv Iv
Rubus saxaltilis 1 I v V)
Dirvopteris carthusiana 1 v 1L v
Rubus tdaeus 1 I ur v
Viola canina I I Vv v
Caldumagrostis arundingcea 1 11T v v
Anthoxanthum odorafum 1L v v
Frugaria vesca II v A
Piiosella offictnarum Ik Vv .
Pleridium aquilinum II I v
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Table 5 (the enc}
Convallaria Brg;hy po-
. l Cladonic- _\{ac_cinio ma_jalz"s pz'm;:t?zm-
Index/species Pineturn V|t|§.-|daeo- Pmusl P
: Pineturn sylvestris ‘

communily syh;es!n.s

communtly
ﬁPolygmzatum odoratum I I IV
Knaulia arvensis ‘ 1 v v
Galium olbum I v v
Festuca rubra I Il v
Veronica chamaedrys ' I I Vv
Trifolium alpestre I 11 v
Mimpinelle saxifraga . . . Vv vV
Melica nutans . . . I v
Taraxacum officinale ' . . II v
Brachypodium pinnatum I Vv
Gerantum sylvalticum I v
Campanula persicifolia I v
Hepatica nobilis 1 v
Lathyrus vernus I v
Galium boreale L v
Stellarta graminea ! v
Potentilla erecta ; ; . v
Plagiomninm affine 0 ; I . \

Species mdicator values

Ecological factors like light, temperature, moisture, continentality, soil reaction
and nitrogen content are analysed according to standard scales applied in Europe
(Ellenberg, et al. 1992). Their values are summarised in Table 6.

In all the 4 plant communities the light factor is almost the same. Semi-shade
species dominate. Most of light-demanding species oceur in Cladonio-Pinetum.

Temperature factor is characterised by species adapted to cool climate. Most of
the species of medium warm climate are in Brachypodium pinnatum-Pinus syivestris
cominunity where most of the submendional species occur.

Moisture facters for the studied communities differ little. Xercmesophytic spe-
cles dominate.

Continentality factors are similar for the studied communities and testify that
mainly suboceanic species occur.
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Tuble 6
Mean values of species ecological factors

- 1
Convallaria Bﬂ;fhm 0-
Ctadonio- Vaccinio majolis pf;fif:;zm
Factors : i vitis-idago- Pinus ) ’
Pineturn Finetum sylvestris Pmus_
. sylvestris
community S
l community
Light 6.3 6.1 6.1 5.9
Temperatuze 34 ‘ 36 31 4.3
Moisture 4.5 4.5 4.4 4.7
Continentality 3.4 5.1 4.8 4.7
Soil reaction 28 3.3 4.0 4.7
Nitrogen 2.2 30 34 3.8

Other so1l indicators, hke nitrogen content and so1l reaction form an ecological
series. Soil reaction varies from 2.8 (acidic soils) in Cladonio-Pinetum to 4.7 (medium
acidic sotls) in Brachypodium pinnatum-Pinus sylvestris commumity. Nitrogen content
n the soils 1s small and ranges between 2.2 (poor soils) in Cladonio-Pinetum commu-
nity up to 3.8 {medwum rich soils) in Brachypodivm pimmatum-Pinus sylvestris community.

Conclusion can be derived that for the studied communities the indicators that
characterise climate (temperature, moisture, continentality and tree growth influenc-
ing light) differ very Iittle. Different by 1-2 classes are soil indicators, such as nitro-
gen content and so1l reaction. Therefore, the edaphic factors determine the differ-
ences between the plant communities. Similar results were obtained studying pine
forests on hills and hill changes (Bambe 1999). The community Brachypodium
pinnabum-Pinus sylvestris 1s ecologically similar to ass. Melico nutantis-Pinetum on
the southern slopes of Greblakalns, however, there is a higher soil reaction —5.5.

Structure of geographical elements
Zonality

In the studied communities species of three zonality groups dominate — boreo-
temperate (characteristic for cool climate), temperate to submeridional {characteris-
tic for medium warm climate) and polizonal (distribution does not depend on air tem-
perature). Species division according to zonality groups is given in Table 7.

Two conunumnty groups arc relatively well separated. In the communities Cladonio-
Pinetum and Vaccinio vitis-idaeo-Pinetum about 45% boreo-temperate species oc-
cur but in both the species-rich communitics Brachypodium pinnatum-Pinus sylvestris
and Conwallaria majalis-Pinus sylvestris their occurrence 1s much smaller — about
30%. In these communities species charactenstic for moderately warm climate (tem-
perate to submeridional) dominate (> 42%), but in Cladonio-Pinetum they are repre-
sented by less than 20%. Polizenal species dominate here —about 30%.
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Table 7
Species division according to zonality groups in percentages
" Convallaria Bm;hypo-
Cladonio vaccinio - majolis bt dtz:nm
. = e - NI m-
Zonality groups Pineturn whquaea- Pinus Pinus
Pinetum sylvestris )
COmmunity sylvestris
| commurity
Boreo-temperate 45.9 43.2 30.1 289
Temperate 54 2.7 2.7 0.9
Temperate-submerdional 18.9 284 42.5 421
Submeridional 0 14 : 21 2.6
Polizonal 29.7 24.3 22.6 254
Sectorality

Sectorality charactenzes the main types of species distribution areas. Structure
of sectorality is revealed in Table 8. Most common are 4 types of species distribution
areas: circumpolar, European, Eurosibenian and Eurasian.

Circumpolar species are connected with cool climate regions and number of these
species gradually decreases in the direction from Cladonio-Pinetum to Brachypodium
pinnatum-Pinus sylvestris, European-Asia-Minor species occur only in the species-
rich communities Brachypodium pinnatum-Pinus sylvestris and Convallaria majalis-
Pinus sylvestris. This group includes several species characteristic for dry meadows
in the eastern part of Latvia, such as Agrimonia eupatoria, Centaurea scabiosq,
Pimpinella saxifraga, Senecio jacobea and Veronica spicata.

Tuble 8

Species division according to the sectorality groups in percentages

Sectorality gr Cladonio- | 2700
ectarality groups Pinetum Loicae
Circumpolar 29.7 29.7
Circumpolar- Nerth American 2.7 1.4
Eurcamerican 0 14
Eurcpean 16.2 189
European-North American 2.7 27
European- Asia Minor 0 0
Eurosibirian 18.9 216
Eurosibirian- North American 0 1.4
Eurasian 16.2 17.6
Eurasian - North American 13.5 8.1
£05m0p0]ites 0 1.4

Convalluria
majalis
Pinus
sylvesiris
COMIMURnity

18.5
‘ 0.7
| 0
| 19.2
2.1
6.8
16.4
3.4
205
10.3
0.7

Brachypo-
divum
pinnatum-
Pinus
sylvestris
community

14.9
09
0

17.5
18
7.9

21.9
3.5

21.9
88
0.9
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Oceanity

Species distribution according to oceanity groups is shown in Table 9. Most of all
there are slightly oceanic, suboceanic, as well as continental and indifferent species.
In the species richest communities, like Brachypodium pinnatum-Pinus sylvestris and
Convallaria maajlis-Pinus sylvestris there is a larger number of slightly oceanic spe-
cics but in Cladonic-Pinetum and Vaccinio vitis-idaeo-FPinetum there are compara-
tively more continental and indifferent species.

Table 9
Species division according to oceanity groups in percentages
Convallaria Blfgf"hyf)ﬂ—
Cladonio- | _Yaceinio mafalis innatum
Oceanity groups Bineturm vitis-idaeo- Pinus 4 Pints )
Pinetum sylvestris .
. . sylvestris
commumnmty R
community
Qceanic 0 1.4 2.7 1.8
Slightly oceanic 324 324 38.4 421
Suboceanic 16.2 ' 20.3 20.5 193
Subcontinental 13.5 12.2 11.0 7.9
Continental ' 16.2 16.2 13.0 14.0
Indifferent 21.6 176 14 .4 149

DISCUSSION

Scots pine in Latvia is the most widespread trec species. It dominates on more
than 676 300 ha of forest land area (State Forest Service data of 2002). It is ecologi-
cally most adapted species as it occurs on the soils of all forest type groups, like dry,
wel, swamp, drained forests on peat and mineral soil. For most of pine forests, rather
simple ground layer structure is characteristic where dwarf shrubs Vaccinium vitis-
idaea, V. myrtillus dominate but in the vicinity of large cities, the vegetation has
changed due to human influence and many synatrophic species occur there (Laiving,
Laivina 1991; Laiving 1998).

In the Daugava Lokl Nature Park pine forest communities both with natural, for
oligotrophic to oligo-mesotrophic vegetation (Ass. Cladonio-Pinetum, Vaccinio vitis-
idaeo-Pinetum) and species-rich communities were described which are difficult to
compare to other forests elsewhere. They differ from species-rich pine forests in
other parts of Latvia (Bambe 1999; Kreilc 2002), also in the neighbouring countries
{Kapazus 1988; Mupkun 1986) and elsewhere in Europe (Krausch 1962; Matusz-
kiewicz 1962; Passarge, Hofmann 1968; Kielland-Lund 1981; Oberdorfer 1992,
DHerBen 1996).
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In the pine forest vegetation, several species with European-Asia Minor distribu-
tion area occur that are characteristic for dry grasslands in eastern Latvia, such as
Agrimonia eupatoria, Centaurea scabiosa, Pimpinelle saxifraga, Senecio jacobaea and
Veronica spicata. Corumonly there 1s no one dominating species but together with
Vaccinium vitis-idaea, V. myrfillus a considerable coverage has also Rubus saxatilis,
Fragariz vesca. Rich in grass species field layer has developed in separate pime
forest arcas of the Daugava River meanders where Brachypodium pinnatum domi-
nates which is a character species of the Cl. Festuco-Brometea (subcontinental dry
grasslands) (Laivin$ 1998). In Latvia, it can also be distinguished as a diagnesiic
species of subcontinental pine and oak communities (Laivigs 2001).

In the Brachypodium pinnatum-Pinus splvestris community, also a very rare spe-
cles occurs, like Lathyrus pistformis with only 3 localitics known in Latvia where it
reaches the western border of its distribution (Tataxa et al. 1988; Fatare 1992). Pine
and mixed forest communities in which the species occurs are mentioned from Western
Siberia and Altar (Ermakov et al. 2000) but most of the eastern species occurring
there does not grow in Latvia.

Species-rich pine forest communities occur alsc elscwhere in Europe. In Ger-
many, Ass. Pyrolo-Pinetum of the Cl. Pulsatillo-Pinetea was described. Tt 1s an
endangered plant community. The occurrence of Chimaphila umbellata — character
species of Pyrolo-Pinetum decreases in Germany. It can be caused by air pollution
that makes so1l more acidic and eutrophic. Climate changes could be a less probable
reason (Oberdorfer 1992).

There s a question under discussion —can we assign the pine forest communities
described in the Daugava Loki Nature PPark to the subcontinental dry pine forest
Cl. Pulsatillo-Pinetea or still Vaccinio-Piceetea communities. Characteristic spe-
cies of CL. Pulsatillo-Pinetea, O. Pulsatillo-Pinetalia, All. Cytiso-Pinion are Pyrola
chlvrantha, Diphasiastrum complarnatum, Pulsalille patens, P. pratensis (7). Cylisus
nigricans, Chimaphila umbellata, Carcx ericetorum, Viola rupestris (Laiving 1998).
[ our relevés, Cytisus nigricans and Pulsatlilla pratensis do not occur, The latter
species is characteristic for the western part of Latvia where the forest communities
similar to the Cl. Pulsatillo-Pinetea werc described in Ovisi Nature Reserve (Ofkante
2001). Other species 1 the Daugava Loki Nature Park are of small coverage, the
canstancy class is not higher than I (Chimaphile umbellata, Carex ericetorum in
Ass. Vaccinio vitis-idaeo-Pinetum; Chimaphile wmbellata, Pulsatille patens in
Convallaria majalis-Pinus sylvestris community). Chimaphila wmbellata in Daugava
Loki Nature Park is richer in flowers and has a higher vitality than commonly in pine
forests of Latvia. In the descriptions of Brachypodiwm pinnatum-Pinus svlvestris com-
munity these species have an accidental character. Therefore it is possible to assert
that more similar to the CL Pulsatillo-Pinetea are Convallaria majalis-Pinus sylvestris
communities, but the features of this class have alse the forests of Ass. Vaccinio vitis-
idaec-Pinetum.
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In author's opinion, in the development of species-rich pine forests in the Daugava
Loki Nature Park interaction of various factors are observed: 1) species migration
along the Daugava River; 2) warmer climate than in the rest of Latvia; 3) diverse, in
places lime-rich soils; 4) human impact — part of the forests grow on earlier agricul-
tural land and m most of the forests animals were pastured 50 and more years ago.

Floristically rich pine forests have several features in common: 1) low tree layer
density that favours the growth of rather light-demanding species; 2) admixture of
brreh to pine which 1s a dominant species; 3) alongside with forest herb layer species
species of grasslands and forest edges occur.

Conclusions

1. Communities described in the pine forests of the Daugava Loki Nature Park using
the Braun-Blanquet systern are assigned to the syntaxonomic structure as fol-
lows:

Cl. Vaccinio-Piceetea Br.-Bl. in Br.-Bl. et al. 1939

0. Piceetalia abietis Pawl. et al. 1928

Ali. Dicrano-Pinion Matusz. 1962 emend. Oberd. 1979
Assoclations

1. Cladonio-Pinetum (Cajander 1921) Kielland-Lund 1967
2. Vaccinio vitis-idaeo-Pinetum Cajander 1921

1. Convallaria mayalis-Pinus sylvestris communities

2. Brachypodium pinnatum-Pinus sylvestris communities

2. For the studied communities ecological indicators characterising climate (mois-
ture, continentality) and the tree growth influence on vegetation (light) differ
slightly. Soil indicators differ by 1-2 classes, like nitrogen content and soil reac-
tion. Therefore, the edaphic conditions determine the main differences between
plant communities. These indicators form an increasing ecological series starting
from Cladenio-Pinetum leading to Brachypodium pinnatum-Pinus sylvestris com-
munity.

3. Inthe Cladonio-Pinetum and Vaccinio vitis-idaeo-Pinetum the species charac-
teristic for cool and temperate climate dominate but in Convallaria majalis-Pinus
sylvestris and Brachypodium pinnatum-Pinus sylvestris community species of mode-
rately warm climate are prevailing.

4. In the pine forests of the Daugava Loki Nature Park 14 rare and protected piant
specics were found. Habitats of high importance are those with Neoftianthe
cucullata, Dracocephalum ruyschiana, Pulmonaria angustifolia in the Convallaria
majalis-Pinus sylvestris community and Lathyrus pisiformis in the Brachypodium
pinnalum-Pinus sylvestris community. In both the above mentioned communities
Ajuga pyramidalis and Trifolium alpestre occur.
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Priezu mezu augu sabiedribas dabas parka “Daugavas loki”
Kopsavilkums

Priezu meZi dabas parki “Daugavas loki” tika aprakstity, 1zmantojot Brauna-Blanké
metodi, lai skaidrotu augu sabiedribu struktiiru un ekologiju vietas, kur sastopamas
Latvija retas un aizsargajamas augu sugas.

Aprakstitas divas Latvijas priezu meZiem tipiskas asociacijas Cladonio-Pinetum
un Vaccinio vitis-idaeo-Pinetum un divas retas sabiedribas Convallaria majalis-Pinus
svlvestris un Brachypodium pimnatum-Pinus sylvestris. Analizéjot sugu ckologiskos
raditijus ar Ellenberga standartskalim, noskawdrots, ka augu sabiedribu at$kiribas
nesaka galvenokart edafiskie faktor: - slapekla saturs un augsnes reakcija.

Nozimigakie vardi: PrieZu ne7:, augu sabiedribas, Cladonio-Pinetum, Vaccinio
vitis-idaeo-Pinetum, Convallaria majalis-Pinus sylvestris, Brachypodium pinnatiom-
Pinus sylvestris.
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Abstract

The dry subcontinental pine forest vegetation was described in the centraland eastern part of
Latvia. 88 relevés were divided into 5 clusters by classification program TWINSPAN. Accord-
ing to species composition 5 plant communities were described: Thymus serpyllum-Pinus
svlvestris community, Carex ericetorum-Pinus sylvestris community, Convallaria majalis-
Pinus sylvestris community, Ass. Cladonio-Pinetum var. Polygonztum odoratum, Ass. Clado-
nio-Pinetum. There is a slight difference between ecological values in investigated forest
plant communities. Character species of classes Vaccinio-Piceetea, Pulsatillo-Pinetea,
Koelerio-Corynephoretea occur in all plant communities.

Key words: pine, forest plant communities.

INTRODUCTION

The majonty of Latvian forests belong to boreal coniferous Cl. Vaccinio-Piceetea.
Subcontinental forests of Cl. Pulsatillo-Pinetea with light demanding plant species
occur in valleys of rivers and on hill slopes with specific temperature regime and
calcareous substrate, Character species of Cl. Koelerio-Corynephoretea are com-
mon on dry slopes close to the sun-exposed clearings.

The natural and anthropogenic successions increase cover of shrubs and herbs.
The light demanding plant species are decreasing and disappearing. On the other
hand, forest cutting and roads stimulate the preservation of the light demanding plant
species. Information regarding influence of forest management, tourism and recre-
ation activities on plant species populations 1s scarce. There 1s alse little information
ahout distribution of dry subcontinental pine forests in Latvia.

The aim of the present work is to clarify the distribution and structure of dry
subcontinental forests in Latvia.
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Investigated localities

The investigations were carried out m pine forests on hills and slopes, in dry
forests around the bogs and lakes in 4 geobotanical regions: the Middle Latvia, the
Central Vidzeme, the East Latvia and the South-East Latvia. There arc 88 relevés on
21 localities described: Baldone, Dijatlovka, Driksna forest, Dviete, Gaigalava, Kalnis
forest, Kngjani, Krustkalni Nature Reserve, Laukezers, Melnais hilly forest, MeZole,
Numerne, Ozolsala, Pérlis forest, Posulnica, Silene, Steki forest, Taurkalne, Teidi
Nature Reserve, Timsmales, Vecumnicki. The field wark was carried out during the
surnmer of 2001.

Methods

The method of Braun-Blanguet was applied for vegetation description (Braun-Blanguet
£964, Dicrschke 1994, Pakalne, Znotina 1992). The area of relevés was 25 — 400 m”.

The cover of 4 vegetation layers has been estimated: E3 —trees, E2 —shrubs and
undergrowth, E1 — herbs and dwarf shrubs, seedlings of trees and shrubs, E0 -
mosses and lichens on soll. Wherever possible, the age of pine stands according to
forest data was estimated.

The data base was created in TURBO(VEG) (Hennekens 1995). The data has
been grouped according to TWINSPAN (Hill 1979). Cover percentage was trans-
formed to 6 grade scale: + (<1%), 1(1-5%), 2(6-25%), 3(26-50%), 4(51-75%),
5(76-100%) . The constancy (I - 1-20%, 11 - 21-40%, 111 - 41-60%, IV — 61-80%,
V - 81-100%) of all species m each group was estimated.

The syntaxonomy was charactenzed according to character species (Kielland-
Lund 1981, Oberdorfer 1992, Mucina a.0.1993, Pott 1995, Dierflen 1996, Laiving 1998),

The satellite maps scale 1:50000, forest use maps 1:20000, orienteering maps
scale 1:10000 and 1:15000 have been used. The nomenclature of species: Gavrilova,
Sulcs, 1999 (vascular plants); Abolina 2001 (mosses); Piterans 2001 (macrolichens).

The Ellenberg’s indicator values (Ellenberg et al. 1992) were used for determina-
tion; of ecological factors. The geographical structure was analysed according to
H.Meusel area diagnosis {Meusel 1965, Rothmaler 1976, Fatare 1992).

RESULTS
Classification of plant communities

The TWINSPAN divided the rclevés into b clusters (Fig.1.). On the first level of
TWINSPAN division, the light demandmg vegetation (37 relevés with Thymus
serpyllum, Antennaria disica, Hheractum wmbellatum, Pulsatilla patens) have been
scparated from other 51 relevés with differential species Hylocomium splendens and
Vaccinium vifis-idaea.
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On the second level of division, in each cluster species-rich relevés (with
Melampyrum pratense, Convallaria majalis, Calamagrostis arundinacea) have been
distinguished from relevés with lichens (Cladina arbuscula).

On the third level of division of the largest cluster, 10 relevés with Pelygoratum
odoratum and Solidage virgaurea have been separated from typical oligotrophic com-
munity with Fylocomivm splendens.

The plant communities encounter species of very different syntaxa {several vege-
tation classes). Consequently, it is difficult to classify the communities in the phytoso-
ciological ierarchy of the Braun-Blanquet system. Therefore, 3 clusters are named

88 relevés |
e —— .

37 relevés
Thymus serpvilum
Antennaria dicica
Hieracium umbellatum
Pulsatilla patens

- 1

51 relevés

Hylocomium splendens
Vaccinium vitis-iduaea

20 relevés W
Melampyrum
pratense
Convallaria
rrjerlis
Calamagrostis
arundinacea

‘ 17 relevés
Cladina
arbuscule
Cladine
rungifering
Carex
ericetorum

21 relevés

| Convallaria majalis

Calamagrostis
aruadinaced

Plewrozium schrebert
Melampvrum pratense

Festuca ovina

i

30 relevés
Cladina arbuscnla

]

10 relevés
Polyvgonatum
odorarum
Solidago
virgaured

20 releveés
Hylocomium
splendens

Picea ahies ¥2 | Calluna
valgaris
| J L
1 L
Thymus ' Carex Convallaria Ass. Cladonio-
serpylium - “ericetorum - majalis - Pinus Pinetum var. Ass. Cladonio-
Pinus ' Pinuy svlvestris Polygonatum Pinetum
svlvestris svivestris community odoratum
COMmmity community .I |

Fig. 1. TWINSPAN division of releves
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according to differential species: Thymus serpyllum — Pinus sylvesiris community,
Carex ericetorum — Pinus sylvestris community, Convallaria majalis — Pinus sylvestris
comumnuntty. Other 2 clusters belong to the Ass. Cladonio-Pinetum — with Polygonaiim
odorafum and typical variant.

The synoptic table (Table 1) shows some differencial species complexes and
similanty of divided communities as well. Both communities Thymus serpylluom - Pinus
sylvestris and Cavex ericetorum - Pinus sylvestris contain species with high constancy:
Hieracium umbellatum, Antennaria dioica, Pilosella officinarum, Thymus serpyilum.
There is a similarity between communities Thymius serpyilum - Pinus sylvestrts and
Convallaria majalis - Pinus sylvestris (constancy of Melampyrum pratense, Calamagrostis
arundinacea, Convallaria majalis, Luzula prlosa) and between Carex ericelorum -
Prsius sylvestris community and Ass. Cladonio-Pinetum var. Polygenatum odoratum
(constancy of Gypsephile fustigiata). The constancy of lichens Clading spp. increases
from Thymeus serpyllem - Pinus sylvestris community to Ass. Cladonio-Pinetum.

Thymus serpyllun: - Finus svlvestris community {(Appendix 1). These com-
munities nccupy sun-exposed southern and south-western slopes. The herblayer is
species-rich, the average number of species per relevé i1s 24. The age of pine stands
15 40-100 years. These communities have been found in Numermne, Driksna forest,
near Laukezers, Posulnica, Djatlovka, Vecumnieki, Gaigalava. The old fire signs can
be discerned on 3 relevés of Driksna forest.

Pruus sylvestris forms the tree layer, somewhere with Betwla pendula. The tree
laver cover 18 10-60%, on average — 39%. 10 species are registered on shrub layer,
most common are Picea abies, Quercus robur, Juniperus communis, Betula pendule.
The shrub laver cover is 1-15%, on average — 5%. The herb layer is formed by
character species of Cl. Pulsatillo-Pinetea (Carex ericetorum. Pulsatilla patens) and
Cl. Koelerio-Caorynephoretea, Festuco-Brometea and Callunc-Lllicetea (Thymus
serpyllum, Hieractum umbellatum, Festuca ovina, Calluna vulgaris, Antennaria divice,
Filosella officinarum). [he other species with high constancy are Seolidago virgaurea,
Melampyrum pratense, Polyvgonatum odoratum, Calamagrestis arundinacea. In total,
64 species are registerced in herb layer. The average herb laver cover is 45%. The
mass layer is formed by Pleurozivum schreberi and Dicraniem polysetum, small patches
with macrolichens are a ranty. The average cover ol mnoss layer is 90%. Total number
of moss species 1s 4, of macrolichens — 9.

Carex ericetorum - Pinus sylvestris community {Appendix 2). The avera-
ge number of species is 23. The majority of relevés 1s located on flat sites. Some
relevés cecur on the southern and the eastern slopes. The age of pine stands is
30-100years. These communities have been found in Kalnis forest, Gaigalava, Steki
forest, Vecumnieki, Baldone, near Laukezers, Taurkalne.

The tree layer is formed by Pinus sylvestris. The average tree layer cover is 44%.
The shrub layeris poorly developed, only 8 species arc registered. The most comimon
ameng them are Prcea abies. Juniperus communis. The average shrublayer cover 1s 2%.
Widely spread but with low cover are character species of Cl. Pulsatillo-Pinetea
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Table 1
Synoptic table of dry subcontinental pine forest communities
(without sporadic species)
Thymus | Carex  |Convallaria Cliifﬁio-
- smllum - wicetqmm—' maja!is - Pineturn A55-_
Communities Pmus_ Pmu; i pt,ms‘ var. Polv. Clgdomo-
sylvestris  sylvestris | sylvestris - Pinetum
community community icmnmunity f;::s;;’:i

Layer|  Number of relevés 20 [ 7 21 10 20
Character species of Cl. Vaccinio-Piceetea
E3 | Pinws sylvestris v A v v v
E2 | Pinus sylvestris 1 I I 11 I
L1 | Pinus sylvestris 1 I Jis il I
E3 | Picea abies . . 1 . I
E2 | Picea abies v 11T Vv I v
El | Picea abies ] I I . 1I
E2 | Juniperus communis 11 1ML v 11 I
El | funiperus communis ) I I I
El | Vaccintum vitis-1daea v 1M v Vv v
El  Vaccintum myrtillus H It I I IV
E1 | Arctostaphylos wva-ursi 1 I I I I
El | Trientatis exropaea I I I 1
E1 | Munotropu kypopilys 1 I I
El | Orthilia secunda I . . . I
EG | Dicranum polysefum v v V Vv Vv
E0 | Plerrozium schreberi Vv A4 v v v
E0 1 Cladina rangiferina 1I Vv iv AY v
E0  Cludinag arbuscuda il v 11 v v
EO  Hylocomium splendens 1 I v 1 v

‘ E0 ,‘ Cladonia gracilis | 11 . I
EQ | Ptiliwm crista-castrensis . I . 1I

) EO | Cladonia crispate | 1 I I
Character species of Cl. Pulsatillo-Pinetea, O. Pulsatillo-Pinetalia,

. All. Cytiso-Pinion

‘ El | Carex ericetorum | IV V I m I
El | Pulsatilla patens v . m il 1
El | Chimmaphila umbeliata I I I . .
El | Diphastastrum complanatum 1 . 1 I I
El | Pulsatilla pratensis I [ E I I

i E1 Viola rupestris 1 1 .
E1  FEpipactis atrorubens I I
El  Pyrola chiorantha | 1
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Laver

Communities

Number of relevés |

Thyntes Carex
serpalitom — encetorum -
Ptaus Finus
syleestris  sylwestris

commumty comnunuty

I

20

Table 1 (continuation)

Character species of Cl. Calluno-Ulicetea, Koelerio-Corynephoretea,
Festuco-Brometea

El
El
El

El
El
El
El
El
El
El
El
El
El
El
El

Other species

E3
E2
El
E2
El
E2
El
EZ
El
E2
El
El
El
El
El
Ll

Calluna vulgaris (C.-U)
Festuca ovina (C.-U.)
Hieractum wmbellatum
(C.-U

Thymus serpyllum (K.-C)
Privselle officinarum (K.-C.)
Antennaria dioica (C.-U.)
Veronica spicata (F.-B.)
Astragalus arenarius {K.-C.)
Drianthus arenarius (K.-C.)
Gypsophile fastigtata (K.-C.)
Koeleria glauca (K.-C.)
Empetrum nigrum (C.-U)
Lyeopodivm clavatun (C-U.)
Swglingta decumbens (C.-U.)
Prppinella saxifraga (F.-B.)

Betwle pendula

Betule pendula

Betulu pendula
Queercus robur
Ceercus robur
Frangulu alnus
Franguly alnus
Sorbus qucuparia
Sorbus aucuparia
Populus tremult
Solidugo virgaurea
Melampyrum pratense
Crlamagrostis epigetos
Polyzematum odoratum
Calpmagrosts arendimaces |
Convalluria maralis

(Y
v v
v v
v v
moom
I 10l
I I
I I
I 11
i
1l
. I
I I
I .
I I
o
1 il
I 1
1L 11
i 11
1 11
I I
I I
I .
11 I
y v
y I
1l v
v I
v I
1l i

Convalleria] 2.
m";‘:iﬁ: " | Pinetum CI::I?r;io-
sploestyes | o oy Pinetum
community fg:;g;;y;

21 10 20
YV \ A
v Iil il
i I 1
II i ;
I 1 1
I

I ;
I 1
I I

I Ll

. I ;
I I 1
. ; I
1§ | I
Il . 1
I i 111
; . I
T I I
&1 1 I
11 1 1
1 1
I1

1

I . .
v v 1
v | 111
111 v 111
I v .
m I
v J_ 1
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Table 1 (the end)

o - ) - —_ T Ass.
Thymus Carex  |Convallaria Cladonio-
N serpyllum - |ericetorum - majalis - Pinetum 1'\55-_
Communities Pinus Pinus Pinus var. Polv. Cladonio-
sylvestris | sylvestris | sylvestris m;” tatmt Pinetum
COmmUNity |community icommunity ;damtum

Layer MNumber of relevés 20 17 21 10 20
El | Luzula pilosa 11 I I 1 1
El | Trommsdorfia maculata Il I 1 I )
El | Campanule rotundifolia I i . . I
El | Koeleria grandis I I I I I
El | Knautia arvensis I I
El | Gerantum sanguinewm I . . .
El | Scorzonera humilis I I i . I
E0 | Cladina stellaris 1 I 1 1 il
E0 | Cladonia cornuta I I 1 11 I
E0 | Cladonia furcata 1 II 1 I 1
EQ | Cladonia fimbriata I ' I I I 1
EOQ | Polyirichum funipertnum I 1I I
EQ | Cetraria wsiandica . il I I

{Carex ertcelorum and Pulsatilla patens). The specics of Cl. Koelerio-Corynephoretea
(Thymus serpyllum, Pilosella officinarum, Koeleria glauca, Astragalus arenarius, Dian-
thus arenarius, Gypsophila fastigiata) have constancy LI-III. Total number of species
in herb layer is 63, the average cover — 44%. In all, 6 moss species and 10 lichens are
recorded.  Pleurozivm schreberi and Dicranuwm polysetum are dominating species.
Cladina arbuscula, Cladina rangifering have scarce cover, however they are widely
spread. The mean moss laver cover is 7b%.

Cenvallaria majalis - Pinus sy{vestris community (Appendix 3). The aver-
age number of species per relevé is 21. These communitics have been found in
Driksna forest, Melnais hilly forest, Krigjani, Silene, Posulnica, near Laukezers,
Vecumnieki, Timsmales. Pérlis forest, Gaigalava. The age of pine stands 1s 40-90
years. The relevés are both on flat areas and southern and eastern slopes.

The cover of tree layer 15 10-50%, on average 37%. The tree layer 1s formed by
Pinus svlvestris, somewhere with Betula pendula. [nall, 55 species are registered in
nerb layer. It is formed by Calluna vulgaris, Festuca ovina, Vaccinium vitis-idaea,
Convallaria majalis. Character species of Cl. Pulsatillo-Pinetea (Carex ericetorum
and Pulsatilla patens) and of Cl. Koelerio-Corynepharetea are rare and with sparse
cover. Inall, 5 moss speciesand 9 lichen species were registered in moss layer. The
dominant moss species is Plewroziwm schreberi. Dicranum polyvsetum and Hylocominm
splendens. Cladina rangifering are commeon in this community. Other moss species
are rare.,
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Ass. Cladonio-Pinetum var. Polyvgonatum odoratum (Appendix 4). The
community is poor in species. Total 45 species are registered, the average number of
species per relevé is 17. The relevés are described on flat areas and on slopes n
Steki forest, Kalnis forest, Pérlis forest, Timsmales. The age of pine stands is
30-80 years.

Prirus sylvestris forms the tree laver. The cover of tree layer is 20-60%, on aver-
age 37%. The shrub layer is poorly developed, maostly with Juniperus communis. The
average shrub layer cover is 4%. The average herb layer cover 18 35%. [t forms
Calluna vudgaris and Vaccinium vitis-idaea. The most common accompanying spe-
cles with low cover are Calamagrosiis epigeios, Polygonatum odoratum and Solidago
virgaureq. In ali 29 species are registered on herb layer. In 3 registers, Diphasiastrum
complanaium has been qualified as having an cutstanding cover. The dominant moss
species are Pleurozium schrebert and Dicranum polysetum. The lichens Clading
arbuscula, Crangifering, C.stellaris form patches, on soil outcrops —lichenes Cladonia spp.

Ass. Cladonio-Pinetum (Appendix 5). The typic variant of Ass. has been de-
scribed on flat areas and gentle slopes m Ozolsala, Steki forest, Driksna forest,
Vecumnieki, Timsmales, Pérlis forest, Kalnis forest, Gaigalava, Dviete, Krustkalni,
Meiole. The age of pine stands 1s 30-90 years.

The tree layer forms Pinws sylvestris, somewhere with Betula pendula. The tree
layer coveris 20-55%, average 38%. In all, 7 species have been registered in shrub
layer. The most common being Picea abies and Betula pendula. The herb layer forms
Calluna vulgaris, Vaccinium myrtillus, Vaccinium vitis-idaea. The average number of
species per relevé is 17. The species compeosition are varied. The character species
of Cl. Pulsatille-Pinetea can be found in some descriptions.

Ecology of plant communities

The ecological values of plant species of all 5 communities are similar (Table 2).
The light value 15 6.1-6.5, teruperature value — 3.4-4.1, continentality value 5.1-5.6,
moisture value 4.0-4.4, soil pH value 3.0-3.7, nitrogen value 2.1-2.8. The forest
communities are characterised by light demanding species, growing in low nitrogen
and acid soils.

Table 2
Ecological indicators (Ellenberg’s values)
[ Tf;;;);m_ Carex Convallaria 1Ass. Cladonio- Aus T
(ndicators ‘_\‘e‘rﬁyﬁum - ffrirﬁ!r»nim - _mwnh‘s - Pinetum var. Clédgﬁi&
Pinus svivesins | Pinus swlvestris | Pinus svlvestns | Folvgonatum Piretum
community | community | community | oderaium
! Light 6.3 6.5 6.1 6.5 6.3
| Temperature 4.1 4.1 37 38 3.4
Continentality 3.1 3.4 52 56 5.6
' Moisture 4 1 1.1 1.2 4.4
i Reaction 3.7 36 3.3 3.3 3
Nitrogen 2.8 23 2.8 2.1 2.1
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The ordination in accordance with edaphic factors (Fig.2) shows a similanty, but
Carex ertceforum - Pinus sylvestris community, Ass. Cladonio-Pinetum var. Palygona-
tum odoratum and Ass. Cladonio-Pinetum are charactenised by somewhat poor seils,
Thymus serpyilum - Piaus sylvestris cornmunity and Convallaria majalis - Pinus sylvestns
community — are richer in nitrogen. The most acid soil is characterised by Ass.
Cladonio-Pinetum var. Hylocomium splendens, the least — by Thymus serpvllum - Pinus
sylvestris community and Carex ericeforum - Pinus sylvestris community.

1 A — Thymus serpyllum - Pinus sylvestris
comumunity
B ~ Carex ericetorum - Pinus sylvesiris
COTIMUMNIY
A C - Convallaria mejalis - Piius sylvestris
community
e & A :
E D - Ass. Cladonio-Pinetum
I3 var. Polygonaium odoratum
7 . I
= N B E — Ass. Cladenio-Pinetum
s oD
2 4
1 — — T ,
2 2 5
Reactien

Fir 2. Ovdination of subcontinental pime forest communities after edaphic factors (Ellenberg’s values)

In order to estimate the difference of commurnities DECORANA analysis was
used (Fig.3.). The DCA axis 1 explains the decrease of acidity, the axis 2 - the
increase of soil fertility, However, this difference is not so pronounced, but shows the
continuum of investigated communities.

Analysis of species distribution areas

There are many species growing on borders of their distribution area and near
arca bordershare in Latvia. According to area diagnosis, the most different is the
zonality of species in all groups (Fig.4.).

The majority of species 1s boreotemperate, especially of communities Ass. Cla-
donio-Pinetum var. Polygonatim odoratum and Ass. Cladonio-Pinetum var. flyloco-
mium splendens — the number of boreotemperate species is more than 40% (Picea
abies, Pinus svlvestris, Betula pendula, Calluna vulgaris, Carex ericctorum, Festuca
oving, Vaccinivm vitis-idaca, Vaccinivm myrtilius, Pulsatilia patens, Pyrola chlorantha,
Sorbus aucuparia a.0.). Boreotemperate species of Latvia's flora compnses only 8.2%
(Fatare 1992). Temperate species Astragalus avenarius, Dianthus arenarius, Jovibarba
sobolifera, Koeleria grandis, Gypsophila fastigiata, Trientalis europaea are common m
all investigated communities. The number of temperate-submeridional species
decrease from Thymus serpylliem - Pinus sylvestris community to Ass. Cladonio-Pinetumn.
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Fig.3. DCA ordination of releves

A~ Thymus serpyilum - Pinus sylvestris community

B - Carex ericelorum - Pinues syluesivis community

C - Convalluria majalis - Pinus sylvestris community

[ - Ass. Cladonio-Pineturn var. Pelygonaium oderatum
E - Ass. Cladonic-Pinetum

These species are Amelanchier spicata, Calamagrostis arundinacea, Chimaphila
umbellata, Conuvallaria majalis, Polvgenatum odoratum, Frangula alnus, Pulsatilla
pratezsis a.0. Polizonal species are common in all the communities — Anternaria divica,
Calamuagrostis epigetos, Hieracium umbellatum, Juriperus communis, Melampyrum
pratense, Pleridium aquilinum, Solidago virgaurea, Thymus serpylluma.o.

The sectoriality and oceanity of species are not closely connected with distribu-
tion of divided plant communities.

DISCUSSION

Thymus serpyllum - Pinus sylvestris comnmunity is rather like in Poland on light
localities described Ass. Festuco-Thymetum serpylli (L.uczycka-Popiel 1984). This
association forms in forest clearings without tree layer but in our investigated forests
tree layer cover 1s 39% on average.

Similar vegetation of divided Carex evicelorum - Pintes sylvestris community has
been described near [rtyshriver. Ass. Carici supinae — Pinetum sylvestris Ermakov
1999 belongs to Cl. Puisatillo-Pinetea Oberd. 1992, O. Koelerio glaucae-Pinetalia Emmakov



Vija Kreile. Vegetation of dry subcontinental pine forests 109

100 -
80
|
- \
o~
iy
2 60
@
a 0 Temperate-
5 submeridional
o}
o |
g 40 [ Bl Temperate
=z
+ | & Polizonal
20 -+~ |
) Boreo-temperate
g == - : S - i betn
Thymus Carex Convallaria Ass. Ass,
serpyllum- ericetorum-  majalis- Cladonio-  Cladonio-
Pinus Pinus Pinus Pinetum Pinetum

sytvestris sylvestris sylvestris  var. Polygo-
community community community natum
odoratum

Plant communities

Fig.4. Species zonality group spectra of dry subcontinental pine forests

1999, All. Koelerio glaucae-Pinion sylvestris Ermakov 1999. These forests form in the
higher terraces on poor sandy soils and have signs of Cl. Koelerio-Corynephoretea and
Festuco-Brometea. These communities are replaced by mesophilous forests of the
Cladonio-Pinetum (Ca;.1921) K.Lund 1967 and Carici ericetorum-pinetum Kustova 1988
in the shallow mesic depressions on slopes (Ermakov 2000). The Ass. Pinetum
xeroherboso-cladinosum (with mesoxerophitic species Koeleria glawca, Dianthus
arenarius, Pulsatilla patens, Gypsophila fastigiata, Festuca ovina, Carex ericeforum) has
heen described in vicinity of Pskov on sun-exposed slopes of hills (Sambuk 1986).

The herb-rich variant of pine forests Ass. Convallario - Pinetum has been de-
scribed in SE Norway (Bjgrmdalen 1980). These forests belong to Cl. Trifolio-
Geranietea and contains character species of Cl. Querco-Fageteav throughout. The
divided Convallaria majalis - Pinus sylvestris commumnity is not so basiphilous and rich
in species of Cl. Querco-Fagetea.

In Poland, the divided variants of Ass. Cladonio-Pinetum are similar to described
communities of Ass. Cladonio-Pinetum with poorly developed herb layer and with
Vaccinium spp. (Matuszkiewicz 1984) but Polygonatum odoratum, Selidago virgaurea
and Hylocomium splendens are rare in these communities.
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The 5 classified communities differ as to proportion of species. The low differ-
ence shows the continuum of investigated communities.

Conclusions

1. All groups of mvestigated dry oligotrophic pine forest communities arc characterised
by light demanding species, forming rather stable groupings in thinnings of pine crowns.

2. Dry pine forest commurities occur macid to medium acid soils poor in nitrogen,

3. Described plant communities arc characterized by syntaxonomical continuum.
The character species of boreal and hemiboreal pine forests (Cl. Vaccinio-Piceetea
and Pulsatillo-Pinetea) and that of dry grasslands and heaths (Cl. Koelerio-
Corynephoretea, Festuco-Brometea, Calluno-Ulicetea) have the same importance
i forming herb layer in these communities.

4. Although the descrbed dry pine forest communities cover small areas and occur
fragmentary, they contribute to maintain diverse and mosaic forest landscape in Latvia.
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Suuso subkontinentalo priezu meZu vegetacyju
Centralaia un Austrumiatvija

Kopsavilkums

Sauso subkontinentilo prieZu mezu vegetacia pétita Latvijas centralaja un austru-
mu dala. [zmantojot klasifikacijas programmu TWINSPAN, 88 vegetacijas apraksti
sadaliti 5 grupas. Péc sugu sastdva aprakstitas 5 augu sabiedribas: Thywus serpyifim-
Pinus sylvestris sabledriba, Carex ericetorum- Pinus sylvestris sabiedriba, Convalluria
majalis-Pinus sylvestris sabledriba, asociacyas Cladonio-Pinetum variants ar Polygu-
natum odoratim, asociacyas Cladonic-Pinetum tipiskas vanants. Atikirtbas pétito
augu sabiedribu ekologna ir nelielas, visu grupu sugu sastdvu veido klagu Vaccinio-
Piceetea, Pulsatillo-Pinetea, Koelerio-Corynephoretea rakstursugas.

Atslégas vardi: priede, meZa augu sabiedribas.



The floristic composition of Thymus serpyllum - Pinus sylvestris community

Appendix |

Number of relevé 10? ? 151 163 ‘ 165 | 22 I 18 | 20 ‘ 211 25 25 86 (150|197 . 54 h17'4 175|192 ! 107 | 187 J262
Size of relevé m’ 26 100 50 100| 50 | 50 '100 50 [100] 100! 100|100 100 100| 25| 25]100;100] 25) 50
| Caverof tree layer (E3)% | 10 30| 50, 55 40 |40 | 45,30 | 25| 35 60| 25 30| 30) 40| 20! 50' 45| 40| 40| §
%‘ Cover qfshrub layer (E2) % 5{ 1| 1| &5/15]| & 71 3 1010, 1| 1/ 1| 1| 10 4‘{ 1 __5___6:__ 6 12
" Coverof nerblayer (ED% | 75| 30| 50| 70| 35 [ 20 | 20 50 | 20| so0| s5] 35[ 5] 10] 20] 3045 70] 35! 35| S
‘ Cover of moss layer (E0) % 87. 85| &7 _GE _95 95 90l 90 | 90] 65| 90| 95| 80 ' 95, 90| 85 90__ $5 L 90i 85
 Number of speciesperrelevé . 28 27| 31| 43|18 |26 24 25| 17| 25| 23| 22| 25| 24| 24| 22| 15 18] 22! 21|
Character species of CI. Vaccinio-Piceetea
B3 Pinus sylvestris (13,2333 3|3 2 3 4 2|3 3,3 2|3 3|3 3 Vv
E2 - Pinus sylvestris . + | I
E1  Pinus sylvestris + ‘ + ; ‘ I
E2 | Picea ubies 1 1 1 1 + 1 + | 2 1,1, 10 +1 + : 1 1 1 i v
E1| Picea abies . . + + ‘ + 1
"E2 0 Juniperus communis 12 +, 1|1 +|+ +| 111+ : It
E2  Amelunchier spicati + ! : I
El  Vauccinizem vitis-idaea 1 1 1 1 11 ' 1 1 211 1 + 1 + v
TEY  Arctostaphyles wovu-urst . + + | 1 . + i 1 11
1E1' Varcinium myrtillus | 1 1 2+ 2 |1
j El| Trientalis europaea i + > I
i El| Orthilia seeunde A ! ! ; | : + 11
I i S Y IR B i ! |

—
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Appendix L feonfingatioi)

|

T
105 | 151

107 | 187 | 262

!

" Number of relevé _;§3i165 2 | 18 | 20| 21 | 25| 55| 86[150,197| 54174 175[192'

 Size of retevé m? | 25100 50?100 50 | 50 |100| 50 100|100 100|100 |100(100| 25| 25 100 [100| 25| 50
Bﬂ:réttrce leyer (F3)% | 10| 30, 50 55|40 40| 4530 | 25| 35 60| 25) 30| 30| 40| 20 50| 45 40) 40| T
& Coverofshrublaver 82)%| 5| 1| 1 518, 5| 7/ 3| 1]10] 1] 1] 1| 1]10 4 1] 5| 8| 6 %

Cover of herb layer (E1)% | 75| 30| 501 7035 |20 | 20 50 _20[ 50! 55] 35| 75| 10{ 20| 30| 45| 70| 35| 35| 3

Cover of moss layer (E0)% | 87| 5| 87| 63|95 | 95| 00| 90 | 90| 65) 90| 95| 80| 05| 90| 85| 90| 85| %0 85

Number of species perrelevé | 28 27| 31| 43| 18 |26 | 24[ 25 | 17| 25| 23] 22| 25| 24] 24| 22] 15[ 18] 2] 21
E1 Monotropa hypopitys + I
EO | Pleurozium schreberi 4 2 5 3 2 3 4 5 5 4 i 3 3 3 5 ) 5 | 5 4 3 51V
E0 | Dicranum polysetum a3 |1 ]2|al3|lze]2 21 2 22111 2 1|V
E0 | Cladinag rangifering 1121 1 | + | + + | + | II
E0 | Cluding arbuscula ¥ 2 1 1 | + | 11
0| Cladonia gracilis + i . I ‘
EO | Hylocomium splendens 1 ) . 3 + | +| I ‘
Character species of Cl. Pulsatillo-Pinetea, Q. Pulsatillo-Pinetalia, All. Cytiso-Pinion
El| Carex ericetorum ‘ + ‘ + ] 1] 1 + |1 + | + + + + v
E1| Puisatilic patens | 1 | |11} 1 )11 1]+ 1 v
E1| Chimaphila umbellala . S + 1|10
E1| Viola rupestris Lot + + +]1
El| Epipactis atrorubens ' . . 1 | I
E1| Pulsatille pmffrmsis . + i . I

15010 duld |BIURUIIUCHNS AIP JO UONBIRBap Apay DiiA

€1t




Appendix I {continuwation)

El

El
E1l
El
El
El
El]|
(E1
E1|
El
E1
El
el

Number of relevé:

Size of relevé m*

Cover of tree layer {ESi o

Cover of shrub layer (E2} %
Cover of herb layer (E1)% [ 75
. _C_o_ver of mass layer (B0} %

' Number of species per relevé

Diphasiastrum complanatum

Crltuna vulgaris  (C.-U)
Thymus serpyllum (I.-C.)
Higracium umbellatum (C.-11)
Festuca ovime (C.-U)
Antennuric dioica (C.-U.)
Pilosella officinarum (K.-C.)
Viola canina (C.-U.)
Lyeopodivm clavatum (C.-1))
Steglingia decumbens (C.-U.)
Pimpinelln saxifraga (F.-B.)
Veronica spicata  (F.-B.)
Jovtharba globifera (K.-C.)

7 105712 E}GS 22 18| 20 21 25! 55| 86 | 150 197% 54| 1741175192 | 107 | 187 | 262
251100| 50]100| 50 | 50 |100| 50 |100,100 100 100 100|100| 25, 25|100|100] 25| 50
10| 30| 50| 55| 40 1 40 | 45§ 30 I 25 . 35 607; 25 . SD& 30 40_ 2{]7 SOJ. 451 40 40.
5 1 1 . 5 1_5 5 71 3 1 19__ 1 ‘ 1_ 1 . 1| 10 4 1 5 6 6,
30 501 70/ 35|20 | 20|50 | 20| B0| 55 35 75| 10| 20| 30| 45| 70| 35| 35
87| 83| 87| 63| 95 l 95 90‘ 20 ) 90 155 90 _95_ 80| 95| 9 85_ 90| 85| 90| 85
28_ 27 L 31 | 43‘ 18 . 26 24_ 29 i 17 l 25_1‘_3.2_ 22. 25| 24 i 24| 22 | 15__ 18‘ 22ﬂ 21
| o o+ |
Character species of Cl. Calluno-Ulicetea, Koelerio-Corynephoretea, Festuco-Brometea '
171 ‘ + [ + i 11 | L+ 111 I +|l+|+] 2|21 1]1
+ | 1 .12 + + + ]+ | 2|11 2'"1]1]1 1111
+ L+ i+l + ]+ | + |+ + | + 1| +
1 L+ +]1]1 1|1 211 P12 2
+ 1|2 + 111 + e
sl 1 1| + 2 + + 1|+
| +
! +
} 1
! +
+ | + 11 + + o
| _ IR SR
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Appendin | {eondimeation) g
Number of relevé 1051151163 |165 22 | 18 | 20| 21 | 25| 55| 86|150|197| 54 L174 175(192 | 107 | 187 | 262 ' g
| Size of relevé m’ 25100 50100 50 | 50 '100] 50 | 100 |100]100 100100 100] 25] 251100 100] 25] s0 v
. | Coverof ree layer (E3)% | 10| 30| 50| 55/ 40 |40 | 4530 | 25| 35| 60 25| 30| 30| 40| 20| 50, 45 20 40 © g
& | Coverofshrublayer B2)%| 5| 1| t| 5/15| 5| 7] 3| 1,10 1 1] 1} 1|10 4 1| 5] 6 &6 F| |5
' | Coverof herblayer (E)% ' 75| 30| 50| 70|35 |20 | 20|50 | 20| 50| 55| 35| 75 10| 20| 30| 45| 70| 35 35 S| |=
Cover of moss layer (E0)% 87| 85| 87| 63| 95 |95 | 90| 90| 90! 65| 90| 95| 80| 95| 90 85) 90| 85| 90 85 5
Number of species perreleve | 28| 27 31| 43 18 [ 26 | 24| 25 | 17 2] 23] 22| 25| 24| 24| 2| 15) 18] 22| ;0 £
VE1  Astragalus arenarius (K.-C) [ + + | 1 %-
E1  Dianthus arenarins (K.-C.) + 1 1 I ?E
Other species . %
E3 | Betule pendule 1 3 | 2 + + 4 g
E2 | Betule pendula 1 + 1+ 1 |+ + | 1 | I &
El | Betula perndule + . [
E2 | Quercus vobur | + ! + | + | + + 11 1 + | I ’
E1| Quercus robur + +  + + + 1
E2 | Populus tremula + +]1 11 + I
E1  Populus tremula + + I
E2 Sorbus cucuparia 1 + + o+ + ! + + |1
E1  Sorbus aucuparia . . + |+ I
EZ‘ Frangula ainus 1 + + + + 11 1 11
El| Frengule alnus . . | + | =
| I L . ; o




Layer

E2
El

El
El
1El
E1l
E1
El
El
El
E1l
E1

El]j

Bl

Number of re]evé

Slze of relevé m’

Love1 of tree ]ayer (E3) %

Cover of shrub layer (E9 ) % \
Cover of herb layer (E1) % ‘

Cover of moss layer (EO) % |

Number of species per relevé |

Ruhus tdiueus

Acer platanoides
Solidago virgawrea
Melampyrum pralense

Polygonatum odorafum

Calamagrostis arundinacea

Convallaria majalis

Calamagrostis epigetos

Campanula rofundifolic
Geranium SUnguineum

Knautin arvensis

Luzula pilosa

Trommsdorfia maculata

Fragaria vesca :

Appendix 1 {continuation)

105|151 163|165 | 22 18 | 20| 21! 25| 55| 868|150 |197 54.‘174 175|192 | 107 | 187 2627‘
25 100] 50|100] 50 | 50 |100 50 100100 100 100 100 100 25 25100100 | 25 0
10 30| 50] 55) 40 |40 | 45|30 25] 35| 60| 25| 30| 30| 40| 20} 50| 45| 40 40 &
51l 1 s[as| s 7] 3 afw| 1] 1] 1} 1] 4l 17 5] 6] 6 g
75 30| 50 70|36 20| 20{50] 20] s0] 55| 35| 7! 10] 20 30] 45| 70| 35] 35] S
87) 5| 87" 63| 95|95 | 90 90 | 90| 65| 90| 95] 80| 95 90 85 85
o8 27| 31 a3l 18 |26 | 24|25 | 17| 25| 23| 22| 25) 24| 24 22] 15| 18! 22| 2]
‘ + | i I i
I Lt . I
1 +1‘l O R o R S I O I B A +‘1 1 ‘V
171,21 + + |1 {21 + 4+, + 4+ . 2|11 Y
11 ]+ 1 1 1] + + + ]+ + + |+ 1 v
22 2 L+ 12211 2 +1 v
501+ 1| 2 + 1 3|1 2| 3 )|
+ 1 1 1 + | + oI
o1 + + + + 1!
. 11 2 1 ‘ 1|
1|+ |1 + 1 11
+1 1 + - + + -
1 + + ]+ } + | I
b b o IR R 1'1_1.‘
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Appendi T loonfioation,;

Number of relevé 105: 151|163 : 165 22 | 18 | 20| 21 | 23 bBH| 86|150 (197 54l l?4l 1751192 | 107 ‘ 187 | 262 ! I

Size of relevé m* 25]100] 50'100| 50 | 50 [100] 50 |100] 100 100|100 100 100 25] 25/ 100 100" 25] B0
_ | Coveroftree layer (E3)% | 10| 30| 50° 55|40 | 40 | 45 30 | 25| 35 60| 25| 30| 30 40, 20 50| 45 40 40 )
%&@f&hmb]ayer(ﬁg)% 5] 1] 1l sls| 5| 7] 30 1 1w 1| 1] 1] 1l w| o4 1| s 6| s g
Cover of herb layer (E1)% | 75| 30] 50l 70|35 |20 | 20|50 . 20| 50! s5] 35] 75| 10| 20| 30" 45| 70 35] 35| 3

[ Cover of moss layer (E0) % | 87, 85| 87, 63|95 | 05 | 00| 90 | o[ 65 90| os] s0[ o5 90| 85 90| 85 90| 85

Number of species perrelevé | 28| 27| 31 43|18 26 | 24|25 | 17] 25[ 23] 22| 25] 24 2] 22 15| 18 22| 2
E1l| Scorzonera humilis + + 1+ . . . . : . . . . . . . ! . . | |
E1| Silene nutans . . + . . ; + . . . . . + I
El  Rubus saxatilts 1 . + | 2 I
Ell Chesmerion angustifoliym . Lo . ; . . . . . . + | . . . . . . ‘ + i |
E1l Melampyrum polonicum ‘ . C . . : . . . . . . . 1|1 . S 1
El  Veronica officinulis ‘ . . : 1 1 | i I
Bl Authylhis avenaria . + | . + . ‘ . | I
El  HRoelerin grandis . . . . . : . . . : 1 . . . . .1 . 1
E1  Agrostis fenuts . S + . . . . . . . . . . + ‘ | I
El  Campanula persictfolic : o 1
Bl Swccisa pralensis . . + 1
El  Dracocephalum ruyschiana . 4 1
]:,l Lotus corniculatus . . . ol . S . . . . . . . . . S + 1

‘E1 Maianthemum bifolium . . . . . R R . | . . . o + 1 |
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Appendix 1 (the end)

I Number of relevé 105151 | 163 [ 165 ! 22118 20| 21 2-5- 'r 5_5* 86 Y 15_0r1;7?4?4 175 {T 192 { 10; | 157 262 !
Size of relevé m’ 25[100{ 50 [100] 50 | 50 [100| 50 | 100} 100|100 {100 (100100, 25| 25 100.100 25| 50|

_ | Coveroftreelayer (B3)% | 10 30| 50| 55| 40 |40 | 45[30 | 25 35) 60| 25| 30| 30| 40| 20| 50| 45, 40| a0 &

% Coverofshrublaver 2% 5| 1| 1] s[1s| 5| 7| 8] 1 10| 1] 1| 1] 1] w] 4| 1] 5] 6| & g
Coverof herbJayer (B)% | 75 30| 50| 70/ 35 20 | 20|50 | 20" 50| 55| 35| 75| 10 20] 30| 45| 70] 35 351 S !
Cover of moss layer (E0)% | 87 85 &7 63/ 95 9 90°90 | 90, 65, 99| 95| 80| 95| 90| 85! 90| 85| 90| 85

| Number of species perrelevé | 28| 27| 31| 48] 18 | 26 | 24125 | 17| 25| 23| 22| 28| 24| 24| 22| 15| 18] 22f 21| |
rEl Melica nutans ) . . o . . . . .+ I

Bl Galinm album . . . . . . . . . + . . | |

E1  Pieridium aquilinum 2 I . : . . . o A ‘ 1

B0 Cladonia furcala S I R . . . . A . o P R R I I

L0 Polvtrichum juniperinum . + | + I }

EO Pettigera canina . . 1 _ |

IE() Peltigera aphtosa . . . . . -l . . . . 1 . . . . . . 1 ‘
‘E() Cledonia cornta . . . . . . ' . . . ; . . } + | . . . . . i 1
\EO0 | Cladonia fimbriata . . . . . . . . . . . . + | . . . ; . . .
fEO Cladine stellaris A A P A . N . i | 1 . . Ji |
Localities of relevés; 18, 20, 21, 22, 25 - Numerne; 54, 55 - Djatlovka; 86 — Teici Nature Reserve; 105, 107, 163, i65 - Driksna forest; 150, 151 — Posulniea;
174, 173, 187 — Laukezers; 262 — Gaigalava.
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The floristic compaosition ol Carex erfcetorum - Pinus syfvestris community

L

]Number of relevé

St
o
s

3

| Size of releve m
"Cover of tree layer (E3) %
Cover of shrub layer (£2) %

'r

\\@Qvgrif herb layer (E1) % J_
Cover of moss layer (E0) %

Number of species per releveé

Character species of Cl. Vaccinio-Piceetea

E2
El
E2

El

E2
El
El
El
El
L1
Lo
o]

Finus sylpestris
Il’iuus sylvestris
Pinus svlvestris
Picea albies
Picea abies

funiperus communis

Juntperus rommunis
Vaceinium vitis-idaeq
Arctostaphyios wve-ursi
Veaccinium myrtillns
Trienialis curopuce
Pleurvzium schreher?

I]Jir.frrmum holysetum

Afpendiy

200 ,’211 [ 2551263 176 [ 254 | 78 191 | 193 | 258 {232 | 233 241 | 234 | 240 | 235 | 244
100 50 1100|100 25 |100 | 25 100 | 25| 50 100 50 | 50 |100 | 25 |100 | 50
50,60 60] 60| 45| 30 40 50| 40| 35 50| 20| 40| 45' 25| 45| 50 |
s{ s|as| 1iosf 3] o) 1] 1] 1P o] of 1i 1] of 1
0 77, 55| 32| 80| 50135 | 45| 60| 30 17| 12| 30| 62 35| 25| 22
45 & 60 80 60| 77|96 55| 75| 70 80, 90| 96| 50| 80| 98| 85
320081 34| 3122 31|15 19] 2| 24 15] 16] 18] 21! 240 20| 21
B4 4 43 33 3|33 3 3 3|22 3 3
} . | 1 + '
. + + +
1 1 2 + 1 + + +
S + + : .
+ 1 ‘ 1 + 1 + + + 1
. + ! ) . . . . .
1 2 i 2 + 12| 2"32 2
201 1+ |1 11
1 + 2 1 + + +
3P s ‘ 3|4 3 |s 2 | 4 2 |4 5|2 J 3 5 | 3
1 1oz 2z 4,2 322 213

Constancy

11

I

I

ITI
I11

o
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Appendix 2 {vontinuetion)

! ,
Number o[ relevé

I917e of re]evé m
lCuver of tree layer (ES) "/c

3 f COVer of shrub laver (E2) %
‘Coverof herb lavu (EL) %

' Number of species per relf,vé
.EO Uudmrz rungrfering

h0| Cladina arbuscula

EO’ Cladonia gracilis

E0
0l Cladora erispatu

Hylocominm splendens

Character species of Cl. Pu
El|Carex ericelorum

\E1 Pulsattlie patens

\Covcr of moss layer (E0) %

E1 Violu rupestris

EY Chimuphila umbellatn
El f Pyrola chlorantha

E1 Pulsatilla pratensis

E1 Festrca oving (C.-UL)
(C.-Ts

200 | 211 | 285 ! 263 1176 | 254 | 78 | 191 | 193 | 258 | 232 | 233 | 241 | 234 | 240 | 235 | 244
100 | 50 |10c 100 | 25 100 | 25 [100 | 25| 50 [100 | 50| 50 |100 | 25 100 | 50
| 0| 60! 60 60| 45| 30 40 50| 40| 35 50| 20| 40| 45| 25| 45| 50
s 5. s 11 s| sl o 1| 1| 1, olwol of 1| 11 o' 1
80| 77| 55| 32| 80f{ s0|35 ' a5t 60| 30| 177 12| 30| 62| 35| 5] 22
45| 85! 60 80! 60| 77|96 55| 75| 70, 8, 9% | 9! 50 80| 98! 85
32031 3¢ 31 22| s[5 19 22 24| 15] 16] 18] 2| 2| 20 a1 |
[ L T S T T S S A SR 2 1o 2 1
] 1 + N N L AN A I O I B
+ + + . ‘ | +
1+ 3 + 2 . [ .
N N I .
Isatillo-Pinetea, O. Pulsatillo-Pinetalia, All. Cytiso-Pinion
] + ¢ 1 + + 1 1 + 1 | 1 ‘ 1 I 1 1 + . 1
1 1 R U I S R U IR R
+ . + b+ .
| I
i‘ + 1 ' .
i | ’ ‘ | ’ +
;Character species of Cl. Calluno-Ulicetea, Koelerio-Corynephoretea, Festuco-Brometea
21|1111|1222i|‘1'..1‘ ++,
2242I114' O T L T TP T AR

T3 Callicre mieloatyis
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- o A I . '
Number of relevé | 200 | 211 | 255 | 263 | 176 | 254 | 78 191 | 193 | 258 | 232 IE33 241 | 234 } 240 | 235 l 244 l‘ ‘ ‘
Size of_relevé m 100 | 50 | 100 | 100 | 25 | 100 | 25 1007_ 25 | 50 IOQ_L%SO , 50 | 100 i 25 | 100 r 50 .

. ‘Covcroftree hyei(gi_}__% . 59 : 60 | 60 . GO . 45 30 4Q B 5£ 40 | 35| 50| 20 EO . 45 25 i 45 } 50 % |

E‘_Everofshmbhyer(EZ)% | 5 | 5 15, 1. b 3 0 1 1] 1 0] 10 0 1 1 0 1 ‘g’
Coverofherblayer E1)% | 80 | 77 | 55 | 32 l 80 [ 50| 35 45| 60| 30/ 17| 12 30l 62 351 25| 227 §
{Cover of moss laver 0)% | 45 | 85 | 60 | 80, 60| 7796 55| 75| 70| 80| 90 96| 50 s0| e8| 85
'Nmnberofspedes_perrelevéwgz 31| 34|31 ) 22|31 15| 19| 22| 24 15 16 181 21 \ 24 | 20| 21 J

El‘Ht'eraf:z'um_z/-embellamm | 1 1 1 1 + | + |1 + | + 1 + IV
(C.-U) | ’

E1 Thymaes serpylium (K.-C)' 2 2 1 1 2 + + + + + + + | A

El Anfennara dioica (C.-U.)i + 1 2 + + 1 1 i + ‘ 11 i |

E1 Plosella offictnenon (K-C), + 1 1 + 1 |70 O

El|Visla canina (C.-U.) + + + + + I1

El{Verontca spicata (F.-B.) + 1 + + ’ II

E1 Koelerie glawea (K.-C.) 5 + + + + + i1

El| Astragalus arenarius -C) 1 1 1 + 1 I | . 11

E1| Dunthus wvenarivs (K.-C.) + 1 + ‘ + 1 I1

E1| Gypsophilu fustigrata (K.-C.) ! + 1 + + + 1

EliLycopodium cluvatum 1 | . ‘ I

U . a |

E1 Empetruom nigrom (C.-U.)I . L + r 1

|EL| Plantisgn media (F-B) + | ’ . | 1 ‘

Appendix 2 (condinuation)
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Appendix 2 {continuation)

! !Number of relevd 200 | 211 | 255 [ 262 | 176 | 254 & 78 | 191 | 193 | 258 | 232 | 233 | 241 | 234 | 240 | 235 | 244
| iSize of relevé m® 100 | 50 [ 100 [100 | 25 [100 [ 25 [100T 25 [ 50 [100 [ 507 50 | 100 7 25 | 100 | 50
Ncaveroftree ayer &3)% | 50| 60| 60 60| 45| 30 40 | 50| 40 35| 50| 20! 40| 45| 25! 45| 50 | g‘
%‘a;gfgﬁmmm% s| sl 15 1] s 3 o] 1] 1| 1] o L] of 1} 1] o] 1 G
!Coverofherb layer (E1)% | B}y 77 | 55, 32| 80 50 | 35 45| 60| 30| 17 121 30| 62| 35 25 | 22 5
{Cover of moss layer (B0)% | 45 | 85 | 60| 80 | 60 | 771 9 | 55| 75| 70| 80| 90 96| 50| 80| 98 | 85
INumberof speciesperrelevé) 32 | 31| 34 315 22| 31 16 19 22| 24 15| 16| 18| 21| 24| 20| 21
El]Pimp!}w!m .mxiﬁ'r;;;frz (F.-B.) + w 1 ‘ I
EO? Thuidium abidimen (F-B.) 1 t I
El“ﬂsinne wmontana (K.-C.) + I
E!lenis‘ffz aonpestris (K-Cy  + I
E0 Tortula ruralis (K.-C.) + ‘ I
Other species
E3 Betula pendula 2 ! ‘ 1
E2| Betule pendulu + 1 1 | E + + 11
EL Betula penduia + . 1 1
E2EFm¢-1gzdrz ealnas + + ‘ + + 1
Eli Frangula alnus : + + | I
E2|Quer(:zfs robur + 1 1l ' + + 11 ‘
El Quercus robur + + + + 11
E?,\[’npu!zr.s tremla + ‘ J
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Appendix 2 (continuution)

[Number of relevé 200 | 211 [ 255 | 263 | 176 | 284 | 78 | 191 [ 193 | 258 | 232 | 233 | 241 | 234 | 240 ) 235 ' 244 l
Size of relevé m* (100 [ 501200 100 | 25100 [ 25 100 | 25| 50100 | 50| 50 100 | 25100 | 50| '
. ICﬁo\fcrzrioftri layer (E3)% 50 60| 60| 60 | 45| 30 140 | S0 40| 35 ) B0 | 20| 40| 45| 25 45| 50 g |
E]Coverofshrublayer(Em‘?E B = 5| 15 11 5 3 1‘ o 1l 1 0| 10 0 1 1] 6 1 E
|Coverofherblayer E)% 80 77 | 65| 32 ] 80| 50 35 | 45| 60| 30| 17 | 12| 30 62 ) 35| 25| 22 S
|Coverofmoss layer (EO)% i, 45 ! SE 60 | 80 6(1 "E’ T 9% 5| 75| 70| Bo| 90| 9% ?0 ! 80 | a8 7857 i
|Numberof speciesperrelevé 32 | 31 | 34| 31| 22| 31|15 19) 22 24| 15 16| 18] 21| 24| 20, 21
E2 Sorbus awewperic . . . + . , . . . . . . . . . . . I
VEY1Selideyo virgaurea + . + + + 1 2 + 1 } + + + 1 1 1 + 1% |
E1 Calumagrosiis epigeios | + 11 2 + 1+ L . 2 . Lol . 1 1 11 v ‘
El Polygumatum vdoritum i . . . . . . . . 1 : 1 . + |+ + 2 I 1 | I [
El Comperinele rolundifolic o - + 1 . . . . + + . . . i . . ‘ . 1 . I
E1 Trowmmsdorfia maculata . . . . . . . . . . . + . + + 0+ . I1
E1| Koelerin grandis R T U N U N S B R o b |
El‘Hypm}cr.nn perforatum | f + | 1!
El Festura rubva ’ 1 1!
!El‘()rzrcx pilulifera | + | I I
El‘])e.w'hampsz'a cespitose } et | ' I
EY|Brizu mediu . . ot . . . . I
{EY|Vicia crucen . + . l . . . . . . . . . I
T | | )
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255

VEL | Rumex acelosa

El|Luzula pilosa

Appendix 2 (conlinuation}

Numb(,r of relevé _ . 200 | 211 . 263 | 176 ‘ 254 | 78 x 191 . 193 | 258 - 232 , 233 | 241 234 | 240 | 235 |2J
lblze of relevé m* [100 | 50 '100 100 |25 100 | 25 100 25 50| 100 f 50 | 50 [_199_ 25 . 100
. | Cover oftrec yer (E3)% | 50 | 60| 60 60 45 30|40 50| 40| 35| 50 20| 40 45| 25| 45 50| &
FlCoverofshnublyer €2% | 5| 5| 15, 1| 5 3| 0 1| 1] 1] oiw]| of 1| 1] 0, 1 *5 |
ICoverolherblayer E1)% | 80 | 77 | 55 32 80, 50| 35 - 45| 60| 30 17 12| 30" 62| 35| 25 ’ 22 :3 :
{Cover of moss yer (B0)% | 45 | 85 | 60| 80| 60| 77 , 9 55| 75| 70 8 9% 9 50 80| 98 8 |
Numberofspeciesperreleve| 32 | 31| 34 | 31| 22| 31|15 | 19| 22] 24| 15 16] 18] 21| 24| 20 2]
'EL|Trifolium arvense 1 | I | I
EllLathyrus prafensis I
El|Achilloq millefulium | I
El|Linuria vedgaris I
Elgf{ypod‘anerm radicata ‘ I
El|{Knautia arvensis 1 i I
+ + 1
EY Chamerion angustifolivm I | ‘ I
El}Fmgaria vesca 1 P [ I : i 1
EX: Cudamaggrostis arundinacea | 1 | I
El|Agrostis tenwis 1 1 1 I
El, Convaliuric mujalis + + I
+ + I
| S

¥el
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EO
Eo
EO0
0
E0

176

193

Appendix 2 {the end)

iEOQ' Cludonic furcali

Number of relevé 200 211 255 | 263 234 | 78 191 258 232 ;233 | 241 {234 | 240 | 235 | 244
Size of relevem* 100 50 100 | 100 | 25 100 [ 25 |100; 25| 50 100 50| s0 |100 | 25100 | 50
i Cover cftee byerB3)% | 50 60 60 | 60 45 30|40 | 50| 40| 35 50| 20| 40| 45| 25| 45 50 | &
& Coverofshrublayer€2)% [ 5| 5 15, 1| s 3] of 1| 1| 1] oj1w] of 1] 1] o] 1|3
| Cover ofh(?r}j_]a_ycr (El)%_ I 80 77 N 55 __32 80 | 50| 3b 45 ! 60 30| 17| 12| 30| 62| 35| 25| 22 | 8
Coverofmosslyer )% 45 8 60| 8 60| 77196 | 55| 75| 70 80| 9 96 | 50| 80 98 ' 85
Numberofspeciesperrelevé;, 32 31 34 31 22| 31|15 | 19| 22| 24 s | 16| 18| 21| 20 20| 2l
Melumpyrim protense | 1 1 1 l I
Anthoxanthurm odoralum 1 I
Scorzanera humilis + + 1 T
Deschampsia flexuosa | + ? I
‘B0 Cetraria istandicic + | + + + I
+ + + + R
Bruchythecium camipesire + I
Peltigera canina + 1
Cladonia cornule + I
i Cludoitte jimbriata I
Cladine stellurts ‘ ‘ + + + I

|

Tacalities of releves: 78 - Stela forest, 176 = Lankezers, 101, 193 - Veownnicks, 200 - Baldone, 211 - Taurkalne, 232-235, 240,

254

, 258, 258, 263 - Gagalava.

241, 24 - Kalms forest,
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Appendix 3
The floristic compaosition of Convallaria majalis-Pinus sylvestris community

Number of relevé 126265 152153 71 72! 14 39*_59 70|¥12fjhlg3£6[19812_21[227f 13| 99(102 131 247!

:Size of relevé m* | 25100 100. 25|100 100 100(100)100{100" 25  25,100,1001100]100]100 100 1100( 100 [100
.. Cover of tree layer (E3) % 45| 35| 40| 45| 35| 50 35| 50_ 45 35 30, 40| 20 40 10| 25| 40 45, 50 20| 40 &
£ Coverofstrblaver 2% | 1] 1] 2|1, 5 10 3 1 1l 1| 5 110 3} 5 2 1 sl sl 2 g
= Cover of herb layer (E1) % | 48| 50 60! 75 45 55 75 401 30| 55! 30 751 207 42! 40| 45 40: 45! 40, 45| S0 &

"Cover of moss layer (E0) ee'_fﬁ'ﬁﬁe\_gs' 95| 90, 70 95 95| 85 80 75 95| 91 90| 90 90! 92 90] 90| 80 ©
| Number of species perrelevé 14| 20 20! 17. 25| 28| 19) 19; 22| 25 15- 21 19| 21, 27| 15 24 25, 25| 21 22
Character species of Cl. Vaccinio-Piceetea
E3 Pruus sylvestris 3 30332 3|a3ls]s3.313 . 3[23l1i2]3/3 3/2/31v
E2  Praus sylvestris L1 + . + . 1
El Finus sylvestris o+ R A A I | + . +‘ b+ | I1
E3 |Pr'r:m whies . . . . . . . . # . A ) | + . S I A I ‘ . I
E2 Ficea abies S N S| P+ +|+( 21z)1 1"1 |+ 1 [11+]V¥
E1 Picea ubies S VR U R N | T R || 1
E2 [ funiperus communis ) 1 ‘ 1 +‘ 1y +1 +t1 |11 1]+ |+ .7 . |V
El ‘Vam'm'um vitis-tdaeq o2z | 2203 202,21 2, + 2122 1 2V
E1 ' Vieecinium myrtillus 1:1 | P+ 12 21111 I 1l ‘ 112 1 | I
El Arclostaphyios woa-ursi A O A T U T T | + Lo + 1 ! n
E1 | Lycopodium annotinum N N I O R ’ . : + . I
E1 Monotropa hypopitys ‘ S+ . ! . + |+ ] I
El Trientalis enropaen . i' . . . - + | . . . o I : f ) 1!
VEO Dirvanuem polysefum 2 1'5 312 2|+ 21212 1 22 -2,/1 1]. . ‘ 1 +|V
"E0 Hylocomium splendens 21 1] | 212 1 212 2,2'"2"3|2 3 3 ¥
(B0 Plewrnzium sclirchers 4 4|2 4|5)4|4-4 544 4 4.4 4|4 4 4|4 33V
LF_ZE)“lCIadimz rrfﬂgaferinai RERAR l‘ 1 R _1_- ‘ + r 1 ; +171 | 1 I_J 1 J: : |\
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Number of relevé 126 265 152]?33 71 72[ 14| 39| 69 103 196l198[221 227) 1399 102f131 247
Size of relevé m? 25 100|100 25|100 _100‘100 10041007100, 25 25|100]100 _100|100|100 10G}10C, 100, 100'
_ Cover of tree layer (E3) % 45 35 40| 45 35| 50 35 50| 45| 35 30! 40, 20| 40, 10| 25| 40] 45] 50) 20| 40| &
<. | Cover of shrub layer (E2) % 1 1l 2 i% 5| 10 3] 1] 1] s| 1s[ 10| 3] 5[ 2| 1| 3[ 20| 5| 2] é
3 Cover of herb layer (E1) % 43 @ 60 _751 45| 56 75 401 30) 55" 30| 75| 20| 42" 40| 45! 40 45| 40| 45| 80 §
Cmer of moss laver (E0) % 90 35 96 95 95 90 70 9'3r 95 85 sol 75] 95! 91 aa| 90) 90 92| 90| vl g0 “
Numberofspe(:les per relevé 14 20] 20 y 25 28 19’“ 19 22| 25 15L_21—— 1@_ Zli 27 157727;1-]‘ 25" 25 El_‘[ 22“;
EO Clading arbuseula +‘ o + : +1 I 1|1+ 1 ![II
| EO Ptilium crista-castrensis | ‘ ‘ 1 ‘ | 1 ‘ I
Character species of Cl, Pulsatillo-Pinetea, O, Pulsatillo-Pinetalia, All. Cytiso-Pinion
IEl Carex ericetovum + | +71 . l + ] . I o+ 1 + ‘ + 0 . + 11+ + I
EL | Puisalilia patens e PR N ! e - + | + | II
El | Chimaphila umbellatn + 1 . | 1 . . ‘ + | + ‘ 1 11
ELl | Diphasiastrum complanutum . I L. | L 2 | ! | |
El | Epipactis atroruhens R !‘ o+ | ’ Sl
;El Pulsatille prafensis o ' ) 1 [ 1. . | ' I
(El ‘Pyml’a chlorantha bo | . | . ! ! I
- Character species of Cl. Calluno-Ulicetea, Koelerio-Corynephoretea, Festuco-Brometea
| E1 | Calluna vudgaris (C.-U) 201 +] .72 | 1]+ REREE ! ljz1]2!'171 1]2]V¥
| E1 | Festuca aving (C.-U.) 1|2 20+ 1L+l lybi2 2|V
El Iieracium wmbelictum (C.-U} S+ + |+ + + S + o+
El Thymus serpyllum (K-C) ‘ 1] +]1 | . ‘ 11|10
"Bl Antennearia diovee (C-1) [ ‘ . | [ . Co 1 i
| El Steglingta decumbens (C.-1U) | ‘ . ’ | . I 1 . ‘ 1

Appendix 3 (e on!muatwn)
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Appendiz & (conttnualion)

265 152

Number of relevé 1126 153 71| 72| 14| 39| 69 70j177 103|196 198 | 221|227 | 13 Q‘.ij@flﬁll%ﬂ
Size of relevé m? 25|100' 100] 25/100{100[160 100)100[100| 25| 25 100(100/106!100,100 100|100 100100
. | Cover of tree layer (E3) % 45| 35, 40| 45] 35| 50| 35] 50| 45| 35| 30| 40] 20| 40| 10| 25| 40, 45| 50| 20 40| %
& | Cover of shrub layer (E2) % 1) 1] 2] i 5/ 10| 3 1] 1| 1| 5 15 10 3] 5[ 2| 1| 3| 20 5, 2| 8
= Caver of herb layer (E1) % 48[ 50! 60| 75| 45| 56 ?5[ 0] 30| 55| 30| 75| 20| 42| 40| 45| 40| 45| 40 45| 80| §
Cover of moss laver (E0) % 90| 85 96| 95| 95| 90| 70, 95] 95| 85| 80| 75| 95| 91| 90| 90| vo| 92| 90| 90| s0|
Number of species per relevé T@ 20| 20| 17] 25| 28| 19] 19| 22[ 25/ 15| 21) 19] 21] 27 L Loy 24 25 25 21 22|
El | Veronica spieata (F.-B.} A o+ | I
E1 : Astragalus arenarins (K.-C.) 11+ + |+ 1
El | Dianthus wrenarins (K.-C.) ] . 1 I
El | Gypsophila fustigiata (K.-C.) +1 + . + 11
E1 | Pilesella officinaruem (K.-C.) ’ | 11 I
Other specics
E3 | Betula pendula 212 i 1 1 11 2 1
12 | Betude pendule . + D+ 1 . + A + + | II
E2 | Quercus robur 11 + 11 + 1 + + 2|+ I11
EL | Quercus robur 1] + . , + + 11
E2 1 Frangula alnus + + + + + + | 1II
El | Frangule alnus . + + . I
E2 | Sorbus aucuparia . + + + + |+ + 1|11
E1l :Surbu.s‘ (AUCUPATI + + + 1
E2 : Populus tremula + + + |+ I
El | Populus tremula + . + + I
E2 | Rubus idaeus ot | | I
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Appendix 3 (continuation)

Number of relevé 126|265 1521153| 71] 72 14, 39| 69| 70 177|103 196 198|221 [227  13] 99|102]131 247
}Size of relevé m* | 25]1001106] 25,100 100 ‘100_‘|100 100 1(101 251 25100 '100 {100 |100 100100 100!100'100
. Coveroftree laver (E3)% | 45| 35| 40| 45) 35| 50 35 50| 45|35 30| 40| 20| 40| 10| 25] 40| 45! 50| 20' 40
2 Coverofshrublayer (E20% | 1] 1] 2| 1| 5|16 3| 1] 1] 1] 5| 15| 10| 3| 5] 2| 1| 3] 20] 5] 2
=3 Cover of herb layer (E1) % 48| 501 60| 75| 45| 55 75 40| 30| 551 30 75| 20| 42| 40| 45] 40| 45| 40' 45' 80
‘Coverof moss Jayer (E0)% | 90| 85| 96| 95| 95|90 70|95 95|85 80| 75| 95| 91 90| 90| 90| 92 90 90 80
 Number of species per relevé | 14| 20| 20 17| 25 28 19|19)22|25 15| 21) 19| 21| 27| 15| 24| 25| 25| 21| 22
El |Rubus felueus R n
E1 Acer pletanoides . A I AT B B A A .
E1 Melampyrum pratense 2 1111 ot ‘1 2 ‘ +]1 1{1]2]2]2 .
E1 ' Convalluria majalis 22 )+]2 ‘ 1111141 ‘ 2 12 S22 2
El Solidago virgaured T O L + 4+ |+ . 1 ' + |+ | + + 1+ +]1"1
Bl Calamagrostis arundinacea Sl2i1lr o+ Fl2 | Ly 4+ 2
E1 ' Calamugrostis epgetos L2 1|2 | 1. + 01 ]2 . + 11 ‘ 1
El | Luzidu pilosa 1]+ +1+ o+ .. . ‘ . | + ] + L .
EY  Polygonaium odoralum | .| + + + |1 .+ + .+
E1 ' Agrostis giganten . + . . . . | . .
El !Agrosh'.\‘ fenuts 1 + ‘ . | . . . . | . D2
| EL 1 Anthoxanthum vdoratum . [ | | + |
‘ El  Arenarta procera + ; . |
El Deschampsia flexuosa . . . 2 J
El  Dryopleris carthusiana + . \ . + '
(Bl Frugaria wesca . 2 . . . .
LEI Koeleriet prandis 1 1 I . 1 (1
. _ _. I H i

Constancy

2E <
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Appendix 3 (the end)

:‘Numbego_frelevé l126] 2651 152]153] 71) 72 14! 39} 69| 70[177]103 196]198 221227 13' ge[102 131 |24
Size of relevé m* \ 25/100]100| 25 IOOTlOO_IO{):lOO 100[100| 25| 25 100|100 /100|100 100 100]100 100 100] .\
.. |Coverofrec layer(E3)% 45 35 40| 45| 35, 50 35 50| 45 35| 30| 40, 20| 40| 10| 25 40 45] 50| 20 40! &
§' Coverof shrub layer (E2)% .3 1| 2| 1| s/ 10} 3] 1] 1f 1] s] 15| 10] 3] s| 2] 1| 3| 20| 5| 2| &
Coverof herblaver (E1)% 48] 501 60| 75| 45 55| 75! 40| 30| 55| 30! 75| 20| 42| 40| 45| 40| 45| 40| 45! 80  §
' Cover of moss layer (B0 % . 90! 85 96] 95| 95, 90| 70 95| 95, 85| 80| 75| 95| 91l 90| 90| 90| 92| 90! 9oi g0l ©

_ Number of species per relevé | 14| 20| 20] 17| 25| 28| 10| 19] 22 25( 15| 21| 19| 21] 27| 15| 24| 25| 25, 21] 22
El | Melampyrum polonicum U U P A pe ol | o 1
El ' Peridium nguilimum C S . <+ S . . . . . . . . . . . . I
El Rubus saxultlis S S e o e A s EO A I AR R R S
El  Rumiex ucetosa N O I . l . i I + ;' I
El Scorzonera huwmilis . . . . . . A . | + | . . . . . . - . L I
i El |'1‘m;rmJ-zsriorfr'a maculita A N A O O e A ! . I
‘ El Veronica officinalis ! ; + Pl
iEO Polytrichum juniperimem i ! +1 1!+ + + | 11
{0 | Cetraria islendica S N T e R R e I e e |
EG | Cladina stellaris . O - . . . . . . . | s 1
i EO |Cladonia cenoleq N T e T T e ‘ I
0 (Cludonia cornuta e e T e T (S S A I B |
iEO Cladonie fimbriaie e A O O A A P O T I S I \ R ' C . i I
EQ | Cladonia furcata A ], O [ RO U R L+ 1 ’ I
E0 | Cladonia squamosa S O P I D e A R T R I r | I

- i

Localities of relevés: 13, 14 - Melnais hilly forest, 39 — Krigjani, 69-72, 99, 102, 103 - Driksna forest, 123, 131 - Silene, 152, 153 - Posulnica,
177 — Laukezers, 196, 198 - Vecumuicki, 221 — Timsmales, 227 Peorlis lorest, 247, 265 - Gaigalava,

0l
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Appendix 4

The floristic composition of Ass. Cladonio-Pinetum var. Polygonatum odoratum

Layer

E3
E2
£l
E2
El
E2
El

g1
£
B0
E0
£0
EO |
EO

All
El’
El
El
El

El
El

Ll

Number of relevé 81 [BOIZZS 2’%6|2’%f|2’%8 220 225 239 | 239 242
| Size of relevé m’ 25 100 100 1001109, 23 lOQ 100 20 100
Cover of tree ayer(ES) %. ] 35 60 4—2‘_ 45_ 30 40 35 20] 301 30 ;é
Cover of shrub layer (E2) % 1 1] 2 0 1110 5 200 1 1 %
| Cover of herblaver (E1) % 47 30| 32 _10___25 3020 500 601 45| S
'Coverofmoss layer (EO)% 80 96| 90| 95| 95 95- 92 90| 76 90
| Number of species per relevé ; 10 [ 14] 15 16] 12] 13] 22| 24| 21] 23
Character species of Cl. Vaccinio-Piceetea
Prnus sylvestris ‘ 3 . 4 . 313 ’ 313 | 3|2 J 3 ¥
Pinus sylvesiris 1 } 1] + 11
Pinus sylvestris ‘ +1 +| + | II
funiperus communis + |1 1 I |1 Il
Juniperus communis + I
, Picea abies 1 20+ + I
i Varcintum vitis-idaea 21 1) 2 1|1, 1|2 1|V
Varcinium myriilius 1 1 + | II
Arctostaphylos wva-ursi 211
Cladina arbuscula 111 +y2|2q¢1,1 1|2,V
Clading rangifering 1112y 3l1)2)202]vV i
Dicranum polysetum sl 1|12 22323 2]|v
Plewrozium schrebert 118155313 312131V
Cleedomie crispata + | I
E0  Hylocomium splendens o 2 I
Character species of Cl, Puisatillo-Pinetea, O. Pulsatillo-Pinetalia,
Cytiso-Pinion
Curex ericetorum | +ig 1|+ 1 1 Il
Dhphusiusirum complanatum 2 | 2 I 2 I
Pulsatilla patens L= + + | + 1
Pulsatilla pratensis T i . | 1
Character species of clasis Calluno-Ulicetea, Koelerio-Corynephoretea,
Festuco-Brometea
El, Calluna wvulgaris (C.-UL) 1 I L1 201 1 2 22|V
! Empetrum nigrum (C.-U) . | | 1|1
Festuea ovina (C.-UL) ‘ . P11 2] + |
S, -~ _ l
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Appendix 4 (the end)

Number of relevé 81 230" 228! 236| 237| 2381 220 225 239 242,
Size of relevé m? 25108 100| 100]1100; 25100100 50 100;
Cover of tree layer (E3) % 35| 60 40| 45| 30| 40; 35 20 30| 30
Coverof shrublayer (E2)% | 1] 14 2[ o] 1] 10| 5 z{)r; 1
| Coverof herblayer (E1)% 1 47| 30 32| 10| 25| 30| 20| 50! 60| 45
Cover of moss layer (E0)% 80 96! 90| 95| 95| 95| 92| 90, 76| 90

23

Layer

Constancy

| Number of species per relevf,':kl_()__ 14 _1@ 16, 12] 13| 22 24| 21
El | Hieracium umbellatum (C-U)| 1 .7 A T I R T
E1 | Siegiingia decumbens (C-UY| . | .} ) - | - | . |1
El | Dianthus arenarius (IK.-C.} P 4+ . . ] . S ) 1
El | Gypsophila fastigiata (K.-C.) . A IR RS I i [ L+
El | Koeleria glauca (K.-C.) . . . . ) . . . + | . I
El | Piosella offictnarum (K.-C.) . . . . . . . . + . 1
E1 | Thymus serpyllum (K.-C.) . A I . O P I §

p—

L

Other species
E2 | Quercus robur +1 .| - . . S F o+
El | Quercus robur . . . . R N
E2 | Betula penduia . B . . 1
B2 | Frangula alnus R I N . S

E1 | Calamagrostis epigetos . S+
El | Polygonatum odoratum . . +
El | Selidago virgaurea

+
+ o
C4 e
+ o
-+
+

C o+ 4 .
. g e

El ¢ Convallaria majalis

o
b

E1 - Chamerion angustifoltum S+
El | Koeleria prandis . L
El | Luzida pilosa . - ; . R

et

El ¢ Melumpyrum pratense
EY | Trommsdorfia maculata . . . . . . . S
EQ . Cludma stellaris B
EQ | Cladonia cornuta . . . . . .y F
EQ | Cladonia deformis 1
EQ ' Cladonia fimbriatu . . . . . . o+ 1
EO I Cladonta furcatn ) ) . . . S . R |

1

|

+ -
+ - -
i
[~

4‘

EQ | Cladonia phyliophora ; . . . . . . . . +
EO | Cladonie uncialis ; . ) . o+

Localities of relevés: 81 — Steki forest, 220 — Tunsmales, 225 - Pérlis jorest, 228, 230, 236-239,
242 - Kalnis forest.



Appendix 5
The floristic composition of Ass. Cladonio-Pinetum

Nurnber of relevé 169]243] 219|223 220 231 96 168] 5| 80 |190]267 309325 194]199[ 308224 ;_286 [ 260
| Size of relevé, m* | 25(100 100100 100|100 100_25_400*2_5 1100|100 | 400 | 400, 100 | 100|400 | 50 400 1(& 5
5 i&ver of tree layer (E3) % I"30| 45| 40| 40] 35| 50| 50f 20| 45 30% 40| 30) 30| 50] 40| 40| 35| 30 30 ' b5 . E
‘ E’ Coverofshrublayer (E2)%] 1| 1| 5| 1] 1] 3] 1 1 5| 0 2| 1) 1] 5; 1] 5] 1] 15 20! 1! ‘é
| | Coverof herblayer (E1}% | 20| 40| 30| 40, 20| 30. 35| 30, 30,60 21| 32____§5__1 50| 30) 27| 23 55 5] 45 S
" Cover of moss layer (E0)% 80| 95| 85) 92' 95| 90! 85, 56| 95,85 95| 55| 99, 70| 95| 97| 91, 80| 90, 6l
Number of species perrelevé 16| 10| 20] 18! 12| 13 l 17] 16] 24| 11 18, 19 IGT i2] 14 18] 15] 20 22{ 25
| Character species of Cl. Vaccinio-Piceetea
E3 | Pinus sylvestris 33 03 3'3 3 3|2°3[3[3[313[3[3([3:3 3 | 24|V
E2 | Pinus sylvestris SR T N I o . . K . \ I
! El  Pinus sylvestris + | . ; + | . + | . + | . . . + . + o+ I
! E3  Picea abies . . . . . . . . \ . + . l 1| 1
L2 Moea abies + 1 . 1 1 +, 1 + 4+, 1 1 Pl 1 1 1 1 1 22 1%
El  Pieea abies o I . o+ . + + 1 + . 1T
E2  Juniperus communis + [ . . + i 1 + 1 I1
VEY  Juniperus communis . S . . ; . . I
El  Veccinmm ottis-idaca | 2 | 3la|s ‘ 212 1 2] 2 | 1 | 2 2 2,23 4v 72122V
E1  Vacelnium myrtillus T 1|1 + . 1 1 2 2 1 2 . 2122 |V
El i Arctostaphylos wvu-urst 1|+ 11,1 + + l ' 11 '
E1 | Trientulis europava . . + | . . . . . . . . ; . . . . . . I
El | Orthilia secundi . . . . . . . . . . . . . . . . . . . T
El | Monolrepa hypopitys + Do 1
E1 ' Diphasiastrum lristachyum ' 1 | . ; . . . L2 l . 1
El  Goudyera repens VoL S
| EQ  Plewroziion schreberi 44 304 hH 4¢3 02 5137302 ,2 3,2 3172|1213 B
| [ - . N L L i _ [ S
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Appendix 5 (continuation)

| Number ofreleve 169 243 219 |223(229]231 96]168| 8 80 [190 ' 267]309 525|194 109 1308 | 224 286 | 260
Size of relevé, m? | 25 100 100]100 100100 100 | 25(400 | 25 |100 100 gggja;oo 100100 400 | 504001100 ,
y | Coveroftreelayer (E3)% 30 45 40| 40] 35| 50 50| 20| 45/ 30| 40, 30| 30, 50| 40| 40, 35! 30, 30 55 £
E‘ _ "Caver of shrub layer (L2)%\ 1 1. 51 1 1 3 1] 1 5] 0 2] 1] 10 5] 1 5 1 15| 201 1| %
Cover of herb layer (ED %~ 20 40} 30 40| 200 30| 35) 30) 3060 | 21| 32| 55| 50| 30| 27| 23| 55 25| 45 § ’
Cover of moss layer (L0Y% 80 95| 85| 92| 95 90| 85| 66| 95|85 | 95| 55| 99| 70| 95| 97| 91| 80 90| 61
| Number of species per relevé | 161 10 20) 18] 12 13, 17| 16| 24|11 | 18| 19] 16| 12| 14| 18| 15| 20 22| 25
E0  Ddcranwm polysetum 12 3i1|1 3|3 2 143 3|1 (122,11 2+ 2 21|V
EO  Hylocomium splendens vl 1 . 2 . 1 1 1 1 22121424 I 4 314 3 . Vv
L0 Cladinn rangiferiia | 1111 22, + ]+ 1 111 . 1,12 1 . 1 -1V
EO : Cladina arbuscula 1|1 i 1 L+ +| 112+ + 111 11201 I¥
‘ EO | Pidium crista-castrensis 1 | + ‘ | 1|+ 1 |1
E0 (ladonia gracilis ' ! ‘ Co+ . I
[ E0  Ciadonia erispate . .o . R . . | ‘ . ' )|
Character species of Cl. Pulsatlllo Plnetea 0. Pulsatillo-PinetaIia,All. Cytiso-Pinion
El | Carex ericetorum ) ) ) , I ‘ + 1 | 1
Pulsuiilla patens I+ | +‘ 0 | o : ’ ‘ , I
\El Diphastastrum complanatum B I . 1 2002 ' T
Pyrolu chlorantha . . A S I S ‘ | [
} Character species of Cl. Calluno- Ullcetea Koelerio-Corynephoretea, Festuco-Brometea !
| E1 ! Calluna mdgaris (C.-U.) DL Tpn v 2p2 132 1Lz 1 w1y
E1 " Festuca opina (C.-U.) ! ! gt 4! ! + | R | 1 + 1 I
El | Lycopodivum clavatum (C.-U)J . |‘ . . | . + |1
VEL | Hieracium wmbeliatiom (C.U.)| + . ] + 1]
VR | Sieglingta decumbens (C-U) S I
'[El - Empetrum nigrum (C.-U) i . | . L+ 2 ‘ I,
I
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Appendix 5 (continuation)

Number of relevé 169|243 (219|223 ,229 | 231 | 96| 168 8! 80 [190] 267 309|325 | 194 | 195 | 308 | 224 | 286 [26@7
Size of relevé, m? 25/100 /100|100 | 100|100 |100| 25 400i 25 | 100|100 | 400 400 | 100 | 100 [ 400 | 50 (400 |100| ,
b Coverof tree layer (E3)% | 30| 45 40| 40| 35| 50| 50| 20| 4530 | 40| 30| 30} 50| 40| 40| 35| 30| 30| 85 5
E‘ __Cover of shrub layer (E2) %, 1 1 5 1 1 3 1 1 5. 0| 2 1]10 5 1 5 1] 15| 20 1| %
Cover of herblayer {E1)% | 20| 40| 30| 40| 20! 30| 35| 30] 30|60 | 21| 32| 55| 50| 30| 27| 23| 55| 25| 45 § !
| Caver of moss layer (E0)%| 80| 95| 85| 92| 95| 90| 85| 56| 95| 85 | 95| 55| 99| 70| 95| 97 91| 80| 90| 61 i
Number of speciesperrelevé | 16| 10| 20| 18| 12] 13| 17| 16, 24|11 | 18| 19| 16| 12| 14| 18 15| 20| 22| 25
El | Nardus stricta (C.-U.) . + | 1
El | Astragulus arenarius (K.-C.) + I
E1 | Dignthus arenarius (K.-C.) . 1
El | Pioselle officinarum (K.-C.) + | 1
Other species
E3 ! Betula pendula . . . ) . . . . + 11 1] . i
E2 | Betula pendula + 1+ . . + 111 + | + |1 + [TI1
El | Betwlu pendula . + '+ + + . . I
E2 | Franguin alnus + . + + | 1
i E1 | Frangula alnus + . . . . + I
| E2 | Quercus robur . . 1|+ + + . . I
| E1 | Quercus robur +] + + . + |+ 11
E2 | Salix caprea . . . . + | . . . . . . . I
El | Melampyrum pratense + . . + 1 1 1 11271 . . + 01|+ 1 |10
El | Calamagrostis epigeios 1 . + + i+ + + 1+ | . + + |1l
El | Scorzonera humilis + |1 + + | + NS |
El | Campanula rotundifolia | + |1
E1 | Trommsdorfia maculata . . ‘ I
El | Calamagrostis arundinacea i . 1 + l I
1 — 1
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Appendix 5 (the end)

523

Size of relevé, m?
5 1 Cover of tree layer (E3) %
E Cover of shrub layer (K2} %

lﬁwer of herb layer (E1) %
C

i Number of species per relevé

1 : Solidago virgaurea
1! Conwgllaria majalis
El ! Luzula pilosa
v E1 Anthoxanthum odoratum
| El | Kuelevia grandis
El | Deschampsiv flexuosu
E0  Cladina stellaris
E0 : Polytrichum juniperinum
| B0 Cetraria islundica
! E0 ' Cladoma furcatu
I E0 : Cladonia cornuta
B0 Cladonia fimbriata
EOQ - Pohlia nutans
E0 | Cladonia mactlenta
EO | Cledonia conicraen
E0 ' Aulacomnium palusive
l E0 . Cledonia chlorophaea
| B0 | Cladonia cenotea

M m

over of mass layer (ED) %

Localities of relevés: 8 — Ozolsala, 80 - Steki forest, 96, 168, 169 — Driksna forest, 190, 194, 199 - Vecum
forest, 229, 231, 243 - Kalms forest, 260 - Gaigalava, 267 — Dviete, 286, 325 - Krustkalni Natire Reserve, 308, 309 - MeZolc.

160 243219293 229|231 96 168] 8 80 1901267 309'325,104 199]308 224 286,260

~ | 25,100)100(100 100|100 100 25]400 25 100" 100 4004001100 100|400 50, 4001100 |
yer (E3)% | 30| 45| 40| 40 35| 50| 50. 20] 45 30 0] 30 301 s0| 40 40{ 35 30; 30| 55| S .
U os| 11 3 vt 1 st o2 1100 8| 1] s 1f 15| 20, 1 &
20| 40| 30| 40 20| 30| 35, 30| 30 60| 21| 32 55- 50| 30| 27| 23| 55| 25| 45 &
" 80| 95| 85 92 95| 90| 85 56| 95 85| 95| 55| 98] 70| 95| o7| 91| 80| 90) 61, ~ |
216, 10 200 18 12 13 17. 16] 24| 11 | 18 19| 16} 12| 14, 18] 15 20! 22 25 |
L+ l : ; . [+ ]+ I i
o I ! + |

+! . | . . : I
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Invasive knotweeds Reynoutria japonica and
R. sachalinensis in Latvia
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Abstract

In Latvia, tall-herb communities are formed frequently by two species of Eastern Asia floral
region — Reynoutria japonica and R. sachalinensis. These species were recorded in Latvia in
the 80-90ies of the 19™ ¢. for the first time. B. japoniea is more commoan than R. sachalinensis.
Both species have higher number of localities in Western Latvia with milder climate than in
Eastern Latvia where climate is more continental. Plant communities with knotweeds are
species poor. They belong to the class Galio-Urticetea (nitrophilous tall-herb vegetation) and
are classified as denvate commumnities. Knotweed corumumties develop i neutral and weakly
acid soils rich in nitrogen.

Keywords: tall-herb communities, alien species, distribution, Reynoutria japonica, Reynoulria
sachalinensis, Latvia.

INTRODUCTION

During the last decades the vegetation of Latvia has been characterised by the
formation and distribution of tall-herb communities. Usually these communities are
monodominant, with simplified lavering, and a single edificatory species. They are
characterised by high biomass (length of the main vegetative stem is 1-3 m) and
decorative outlook, Formation of tall-herb communities is facilitated by extensive land
management and growth of ruderal areas, eutrophication of the environment, and
climate warming (Laiving 2001).

Tall-herb communities in Latvia are formed of both local species — Pleridium
aquiliniem, Epiobion angustifolivm, Chaerophyllhum aromaticuom, Laserpitivom latifolium,
Calamagrostis epigeios, Phragmites australis, Rubus idaeus, and alien ones — Solfidago
canadensis, S.giganteq, Heltanthus tuberosus, Petasites hybridum, Heracleum sosnow-
skyi, Fchinocystis lobala, Reynoutria sachaltnensis, R. japonica, Impaticns glandulifera,
[ parviflora, Rudbeckia luciniala, Symphytum asperum, elc.

Among alien species frequently forming tall-herb communities in Latvia, there
are two species from the East Asian flora region - Reynoulria japonica and R. sacha-
linensis. In Latvia, both species are anthropophytes, and mainly spread from gardens
or greeneries (Laiving 1989; Gavrilova, Sules 1999).
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Usually knotweeds form small plant communities (from several tens to several
hundreds of m’), which are common at anthropogenic site habitats in inhabited locali-
ties. The largest stands are quite often formed on roadsides and rideral site hahitats;
they can be frequently met in old rural parks.

Currently there is an increased distribution of knotweeds in Latvia due to inten-
sive synanthropisation of hiota, therefore research has been carried out along the
following lines:

1) mapping of knotweed localities and clarification of the distribution peculiarities
of species;

2) analysis of the composition and ecological conditions of the species of knot-
wead plant communities.,

MATERIAL AND METHODS

A grid net in the size of 7.7 x 9.3 km has been used for the mapping of knotweed
localities (locality areats 71.6 km®). Herbarium materials, literature sources, and data
from flora inveniory have been used in drawing up distribution maps. Locality has
been characterised by the conventional coordinates in the mapping net of flora, geo-
graphical name of the place, data source, author, and disclosure vear of the locality.
The following abbreviations have been used for the data sources: H - herbanum
materials; LATV — herbarium of the Institute of Biology at the University of Latvia;
RIG [~ Herbartum Balticum ¢herbarium of K. Kupffer, Faculty of Biology, University
of Latvia); RIG Il - Herbarium Latvicur (herbanium of the Faculty of Biology, Univer-
sitv of Latvia); BI KF — inventory materials of particular floras of the [nstitute of
Biology, University of Latvia; NBD DI - inventory data of garden flora of the National
Botanical Garden; LU FK - flora mapping matenals of the Laboratory of Biogeogra-
phy, Faculty of Geography and Earth Sciences, University of Latvia; L — literature data.

According to the time of disclosure, localities have been divided into 4 groups
indicated in the distribution maps.

The author has described knotweed communities (10 Reynoutria japornica and
11 R. sachaliensis) in 1987 in vanous places of Latvia, mainky in towns, nearby home-
steads, and on roadsides. Area covered by knotweed communities is ustally rather small,
thus the area of relevé usually coincided with that of coenosis. In the relevé, the cover (in
per cent) of each species has been estimated by eye. [n the course of data processing the
percentage values have been equated with the 7-pomt Braun-Blanquet scale, and have
been summarised i tables (Mueller-Dombois, Ellenberg 1974; Dierschke 1994).

Ellenberg indicator values (Ellenberg et al. 1992) for the detection of environ-
mental factors were calculated, weighted by coverage. Furthermore, topsoil samples
(in 2-5 cm depth) of the communities described in 1987 were taken for the detection
of the chemical properties of the soil. Seil pH was determined 1 M KCl solutions,
exchangeable acidity (extractant 1 M CH,COONa, Kappen method), sum of exchange-
able basic cations — extraction by 0,1 M HCI (method of Kappen-Gilkovich}, soil or-
ganic carben after method of Tjunn (oxidation by K.Cr, 0.+ H,50,}, and total mitrogen
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by Kjeldahl. Particle size analysis was made by sedimentation and pipette method
after N. Kachinsky (Skujins, Mezals 1964).
Nomenclature: Gavrilova, Sulcs 1999.

RESULTS

Distribution in Latvia

Data on 207 Reynoutria japonica and 96 K. sachalinensis localities in Latvia in the
19th and 20th century have been compiled in this work.

In Latwvia, according to the herbanum data, these two species had been first found
n Riga at the end of the 19th century — Reyroutria sachalinensis in 1887, and Reynoutria
japonica m 1888. Apparently, these species had been bred as decorative plants in
Riga, since herbarium samples of K. sachalinensis have been taken in one of the
oldest parks of the city — Vermandarzs. Presumnably, in the beginning of the 20th
century, propagation of these species i the Baltics took place alse in semi-natural
site habitats. In 1904, pharmacist Brahmanis had herborised K. japonica in the town of
Pavilosta, and had been observing the semi-natural site rabitat of this species at the
Kurzeme seaside for several yvears (Kupffer 1907). Collections of R. sachalicnsis
gathered in 1909 in Pernava region in the western Estonia are kept in the herbarium
of K. Kupffer (Faculty of Biology, University of Latvia). In the course of 30 years
knotweeds had been registered already in several places in Latvia: R.japonice —in
the towns of Riga, Ogre, Bauni, Gulbene, and Nica, while R. sachalinensis —in the
towns of Sloka, Gulbene, DZiikste, Kaléti, and Malnava (Starcs 1934).

[n the period of time from 1951 to 1970 cnly some new knotweed localities 1n
Latvia had heen mentioned in the literature, while there are no herbarium coilections.
Majority of knotweed localities have been registered after 1970 (Appendix 1). Distn-
bution maps of Japanese and Sakhalinian knotweeds have been drawn up based on
materials of herbariums, archives, and literature (Fig. 1, 2.).

Species composition, syntaxonomy and ecology

Knotweed plant comimunitics are monodominant tall-herb communities, with a
single edificatory knotweed species. Knotwceeds form a dense stand of 2-3 metres in
height. They are strong competitors, since there is a considerable shade under the
thick foliage, thus determining the small number of species of the plant communities.
On average, 9 species have been encountered in the described plant communities,
however, even those are met mainly on the edge of knetweed stands with better lighting.

Altogether there are 31 species registered in the communitics of K. japonica
(Table 1). With the exception of the Japanese knotweed, there are only 2 species —
Aegopodium podagraria and Dactvlis glomerata that are frequently encountered (con-
stancy class V), one species — Urfice divica — 15 medium frequent (constancy class
L1}, while others are rare cnes.
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Tably 1
The floristic composition of Reynouiria japonica communities

Nr. of relevé 1] 2] 3] 4 5| s 7| 8] o w0 ..}
Size of relevé, m’ 50160 |12 | 48 10| 6| 6 36| 10] 50| &
Cover of Reynoutria japonica% 100 95 1 95 | 100 100|100 | 95 |100[100]100| &
Number of species perreleve 14 13|14 | 10| ¢| 8] 6 4] 7| 9 S
Ch. Cl. Galio-Urticetea, O. Lamio albi-Chenopodietalia boni-chenrici, All. Aegopodion
Aegopodium podugrariz (All) 1 S+ T+ 2|+ 22Y
Untica disica (C1) Ly T I O I S e U1
Rumex obtusifolius (CD + |+ . + 11
Chelidonium mujus (0) + 1+ | . + |11
Impatiens parviflora (CI) . Skt 1|1
Anthriscus sylvestris (O) . . + 1. S+ . . . + 1
Lapsana communis {Q) + | + 1
Geum wrbanum (O) + ) . + l‘ I
Glechoma hederacea (O) + . ) . . ) . . . + 1
Vicia sepium (0) St 1
Heracleum sibiricum {(0) . . . . . + I
Aster salignus (C1) . . . . . . . . + I
Revnoutria japonica 5155|5565 558|555 |V
Other species

Dactylis glomerata o o N N N I B A
Taraxacum officinale + | . . o I e N T 11
Artemisia vulparis ) + | + ! + | 1
Elytrigia repens + |+ + H
Poa pratensis + |+ |
Chaerophyllum aromaticum + [ 1 1
Ranupeculus repens + 1+ i 1
Athyrivm flix-teming R 1
Triplevrospermuwm perforatum Nt |
Acer platanoides [ - . S+ 1

Rare species: E1 Myosotis palusiris (1), Equiselum pratense +(2), Chenopodium album +-(3),
Capsella bursa-pastoris +(3), Festuca pratensts +(8), Potentilla ansering +(7), Fraxinus excelsior
+(8). Betula pendula +(9),

Localities of releves

1,2 = Park Zasas, 04.07.1987.

3 - Gaiezers, Riga, next to onttage, 22.08.1987.

4 — Ogre, slope of Wl range Zihe kalni. forest fringe, 22,04 1987,

5 - Purveiems. Riga, Gailes street, 23.08.1987.

G - Railway station Aizkraukle, roadside, 25.08.1987.

7 — Altksne, Kemjaunatnes street 25, vard, 10.09.1987.

- Sigulda, Vidzemes highway 7, rosdside, 17.09.1987.

G — Jaunogre, Lacplésa street 13, roadside, 26.09.1937.

10 - Dzintart, Jurmala. Kridjana Barona street 18, ruderal Labitat, 22.09.1947.

o
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Richerin species are K. sachalinensis communities with the total number of 41
species (Table 2). Three frequently met species are — Aegopoditem podograria, Arte-
misia vulgaris, and Dactylis glomerata (class IV-V).

Table 2
The floristic composition of Keyrnoutria sachalinensis communities

Nr. of relevé 1] 2] 3 4| b 6| 7 8] 9110 11
Size of relevé, m’ 3[i6)16 ]| 50| &: 10 10| 28] 15) B 20 E

Cover of Reynoutria J 2

sachalinensis, % 90 | 95195 |100]| 90 100} 95 |100|100] 95 | 100 é

Numberof specicsperrelevé| 5 ' 11 - 7 6| 6 10 8| 14 8 9 SJI
‘ch.cl. Galio-Urticetea, O. Lamio albi-Chenopodietalia boni-chenrici,

All. Aegopodion .

Aegopadium podagraria (Al 1 2|1 212 |2 1|1 1|2 20V
Hirtica diotea (C1) . ; 1 | x ; + II
iHeraclewm sibivicwn (O) | + | . v+ | .| o | o |+ 7+ | It

Impatiens parviflora (C1) ) . . . . + . . . 1 1
Anthriscus sylvestris (O) . . . . . . + . + 1

Impatiens glandulifera (CH| . + 1
{ Rudbevkiu luciniata (C1) N . . I
"Chelidontum mapes () : . . . |+ . I
' Rumex obtustfolins (C1) + I
Arettum tomentosum  (C . . + . |
iReyHOutriu sachalinensis | 5 [ 5|15 |55 5|5 |313]|5 |5 |V
i Other species
F Dactylis glomerata e N e L e e I S IS S I
[ Arternista welgaris A I S I O A S I R + 13Y
| Equisetum arvense + | . . . . . + |+ | . | I
E Taraxacum afficinale . . ; . + . ; ; .o+ 1+ | 1T
Chacvophylhwn avomaticum | . . . . St i L+ 1
Meiilotis albus N Lo
" Galinsoga parviflora . . + . . . . . + I

Trifoliwm medium . - . . . N N i

Rare specivs: E1 Sambucns nigra +(1), Ehvingia repens +(2), Chenopodium allim +(2). Bidens tripariita
+(2), Bromopsts tnermis +(2), Silene vulgans +(3), Selidago canadensis +{4). Salix caprea +{(4), Kanun-
cedus reperis +(6), Rosa spinvsissima +(8), Plantage megor +(8), Alnus incana +(8), Stellaria media
+(8), Virza rvacce +(8), Rubis tdecis +(R), Acer plalanowdes +(0), Equisetum pratense +(10), Cirsium
arvensis +(10), Polvgorwem avicrdare +(11), Foa annua +(11), Serbaria sorbifoliz +(11).

Localitivs of releves

1 - Qgre, Brivibas street next to Lutheran church, 22.08.1957.

2 = Laclvarde, E.Kaulina street 8, roadside, 23.08.1987.

3 Lielvarde, Lagplésa street 5, vard, 23.08.1987.

A - Kegums, ratlway embankiment, 24,08, 19387,

5 - Railway station Kegums, highway edge, 24.08.1957.

8 ~ Keyums, cdge of pathway near the raullway station, 24.05.1937.

T8 — Gawinkalng, roadside near the forestry house, 25.08.1957.

49~ Vestiena, rudeval area next to the dairy, 25.08. 1957,

Mo - Karwdni, the cdge of Aliksnes-Liepnas highway near the Vosteru Lake, 25.08.1937.

1 — Aldksnes cemetery, 10.09.1937.
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Most widely represented species in the knotweed community are those of the
nitrophilous tall-herb communities — Cl. Galio-Urticetea, O. Lamio albi-Cheno-
podietalia boni-chenrici, All. Aegopodion (in R. japonica communities, species of this
class make up 38% of the total number of species, and up to 24% in R. sachalinensts
communities). The next most widely distributed ones are the characteristic species
of grassland communities Molinio-Arrhenatheretea, and ruderal communities
Artemisietea vulgaris. Furthermore, there is a large share of characteristic species
of forest fringe communities of the CI. Trifolio-Geranietea in K. sachaliensis communi-
ties. The described communities of knotweeds are derivate plant communities which
have formed in site habitats, rich in nutrients, and belong to the class of nitrophilous
tall-herb communities:

Dc. Reynoutria japonica communities [Galio-Urticetea];

Dc. Reynoutria sachaliensts communities [Galio-Urticetea].

Knotweed communities usually form in weakly acid and neutral site habitats (Table 3,
Fig. 3). Site habitats of Japanese knotweed communities are slightly more acid than
those of Sakhalinian knotweed communities. It is typical that site habitats of both

B Reynoutria japonica
A 2 80 com.
33— 60 4 W Reynoutria
'g sachalinensis com.
& 40
k3]
E 20 A
§ ol i _‘
fairly acid (4-5) neutral (6-7) basic (8-9)
Acidity
0 Reynoutria japonica
com.
80 W Reynoutria
B 1 sachalinensis com.
e 504
8 |
S 40 4
Q I
& 304
o 20 1
& |
£ 10 ]‘
=
Z g . :
poor (2-3) moderately fertile (6-7) extremly fertile
fertile (4-5) (8-9)
Nitrogen

Fig. 3. Distribution of species following classes of Ellenberg values for soil acidity (A) and
nitrogen (B)
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Table 3
Ellenberg indicator values
of Knotweed communities
Plant commlmit_\'i
Factor Reynoulria Reynoulria
japonica sachalinensis

Light 6.8 6.4
Temperature 6.5 56
Contmentality 29 3.8
Moisture 6.6 2.5
Reaction R 56 6.9
Nitrogen N 6.7 6.9
R+5S 12.5 13.6

knotweeds are rich or even extremely rich in nitrogen. A large mass of organic
substances 1s annually accumulated in the site habitat; active microbiological activity
promotes their decomposition, mineralisation, and accumulation of nitrogen. Topsoil
is rich in nutrients and saturated with exchangeahle bases (Tables 4, 5). On the
whole, tupsoil 1s more homogeneous in Sakhalinian knotweed communities, and there
is 2 lower variation of chemical properties than in Japanese knotweed communities.

Table 4

Chemical properties of soils of Reynoutria japornica communities

Parameter

Number of releve

1 J2]3 4015|678 ]a]mw

pHe 66 68 44 67 61 63 68 66 61 6.1
Hydrolytic acidity,

cmol(+)y kg 14 09 325 13 13 13 18 26 13 138
Exchangeable bases,

cmol(4+) kg ! 488 419 344 298 4586 474 409 151 421 375
‘ Base saturation,% 97 98 51 9 9F 97 9% 8 97 95
Organic C. % 104 41 407 60 35 109 54 25 78 59
N, % 0.93 053 093 037 035 1.16 058 031 049 0.44
ICN 75 19 11 7 6 5 5 11 9
Silt <0,01 mm 176 118 23 45 3.2 83 106 204 58 39
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Chemical properties of soils of Keynoutria sachalinensis commum'tiesT s
Pacameter ‘ o Number of mlevér ‘
o2 T3 TaTlsT e 7 ]s]9 T
pH,, 70 62 67 68 73 67 67 67 67 69 70
Hydrolytic acidity,
cmol(+) kg 09 18 27 18 09 09 18 1§ 17 09 10
Exchangeable bases,
cmol(+) kg ! 461 452 439 465 484 459 442 471 483 49.2 349
Base saturation, % 9 9% 94 97 98 98 9% 9% 97 98 97
Organic C, % 66 6.5 115 66 22 25 31 20 48 77 18
N, % 048 059 081 063 011 038 05 064 063 073 0.25
C/N 9 8 10 7 14 5 5 4 ) 7 3
Silt <0,01 mm 47 79 72 64 43 64 82 58 35 123 25
DISCUSSION

In the Baltics, Revaoutria japonica and R. sachalinensts had been bred as decora-
tive plants, and their naturalisation had apparently started about 100 yearsago. [ the
first half of the 20th century, the distribution of knotweeds in semi-natural and natural
biotopes had been slow; an increased intensity of naturalisation being observed only
during the last decades (Table 6). A recent, expansive distribution of knotweeds, and
Reynoufrig japonica i particular, has been observed also in Great Britain and Bel-
gium (Conolly 1977; Godefroid 1996), and it is related to increased density of knot-
weed community and environmental change. The radical increase in the number of
knotweed localities in Latvia at the end of the 20th century 15 related mainly to

Table 6

Dynamics of registered localities of Reyvnoutria jfaponica and
K. sachalinensis

Reynoutria japonica Revnouinta sachalinensis
Years nurither % number %
before 1900 1 0.5 1 i
1901-1950 ) 3 ] 7
1951-1970 1 0.5 1 1
1971-2002 199 96 88 91
Total 207 100 96 100
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eutrophication of the environment and climate warming during the last 50 years, thus
apparently exercising a positive effect on the distribution of knotweeds. At the same
time, one cannot ignore an increased inventory activities of invasive species during
the last 30 years.

Just as in Europe, there 1s a wider distribution of Reynoutria japonica than R.
sachalinensis in Latvia (Wagemitz 1981; Connoly 1997; Danneberg 1995). Japanese
knotweed is typically widely distributed in old rural and urban parks in the Baltics
{Bumbure 1955; Kuusk 1971}, where it had been planted as a decorative plant. This
species 1s also characteristic of old parks 1n the neighbourhood of Moscow (TTonskona
1989). Inits turn, Sakhalintan knotweed is more widely distributed around inhabited
localitics and on roadsides.

Ihigher density of Reynoutria japonica localities 1s found in the western part of
Latvia, with a gradual decrease in the number of localities in the direction towards
inland (Fig. 4). Apparently, it 1s influenced by climate conditions, particularly by air
temperature and humidity, The western part of Latvia is characterised by milder
climate, while climate continentality is increasing in the inland regions of the country.
Therefore Reynoutria japonica communities have a high share of oceanic species of
milder climate (Table 3, Fig. 5).

First naturalised localitics of Reyneutria japonica in Latvia and Lithuania had been
found on the coast of the Baltic Sea (Kupffer 1907; GudzZinskas 1599). Presumably,
this specics has begun its naturalisation in the Baltics right in the Coastal Lowland -
aregion with siimlar chimate conditions to those of the species” basic area (East Asia).
This1s also the case for the time being, with the highest density of localities situated
in the Coastal Lowland and Kurzeme,

Density of Reynoutria sachaliensis localities is higher in the western part of Latvia,
though rather high levels of density are present also in some parts of Eastern Latvia.
Reynoutria sachalinensis communities are deminated by suboceanic species and spe-
cies of conler climate if compared with R.japonice communities (Table 3, Fig. 5).
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= X
T .. 040
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s 0.30 -
28 o020
2c
53 010 .
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.00 . e — -

0 100 200 300 400 500

Distance from sea, km

Fig. £ Relationship between density of Iocalitics of knotweeds and distance
from the sca
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Fig. 5. Distribution of species following classes of Ellenberg values for temperature (A) and
continentality (B)

Density of knotweed localities depends on the anthropogenic load of the location.
More intensively managed and urbanised localities (Eastern Kursa Upland, Zemgale,
Riga region) have higher density of localities, while distribution of knotweeds ts more
limited in wooded and less cultivated regions (the Venta-Usma Valley, the Eastern
Latvia Plain).

Just as in other European regions, knotweed communities in Latvia are derivate
communities of nitrophilous tall-herb vegetation of the Cl. Galio-Urticetea (Visnak
1986, 1996; Sobotkova 1995) poor in species (Fijalkowski 1978; Danneberg 1995).

[t is charactenstic that more than half of species in R. sachalinensis communities
(26 species, 63% of the total number) and one third in R. japonica communities (12
spectes, 39% of the total number) can be found only in a single relevé. Consequently,
there is a large number of occasional species in knotweed communities, and only
some species are constant to these communities, which are characteristic to
nitrophilous soils, rich in nutrients. Knotweeds enrich the site habitat and facilitate
accumulation of organic substances. This is particularly important in the present-day
changing environment, when the resources of organic substances are decreasing
due to activities undertaken by man.
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Several shrub (Serberta sarbifolia, Sambucus nigra, Salix caprea, Rosa spinosis-
sima), as well as young tree {Fraxinus excelsior, Acer platavotdes, Alnus incana) spe-
cies can be found in knotweed corumunities. In a winle, provided an increasing influ-
ence of these species, they could probably transform into brushwood and wood com-
munities. Thus, knotweed communitics in Latvia can be considered a prior stage of
brushwood and wood communities.
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Invazivds dizsirenes Reynoutria japonica un R. sachalinensis Latvija

Kopsavilkums

Augstzilu sabiedribas Latvija nereti veido divas Austrumazijas floras apgabala
sugas — Reynoutria japonica un K. sachalinensis. Pirino reizi §is sugas Latvij
konstatetas 19. ge 80-0s gados. Rjaponica ir hieZik sastopamma neka R. suchalinensis,
licldks atradnu blivums abam sugam ir Latvijas rietumu dald ar maigdku klimatu.
attalinoties no jaras un paliehnoties klimnata kontinentaltatel, atradnu skaits samazinas.
Dizéiirenu sabtedribas ir sugam nabadzigas, tas ir nitrofilo augstzalu sabledrbu klases
Galio-Urticetea derivatas sabiedribas. Tas veidojas vaji skabas un neitralas ar slapekl
bagatas augtenés,

Appendic 1
List of Keyvnoutria japonica localities

01-35 NBD D1 Ipiki 1983 17-35 NBD DI Papenmuiza (Kocenu p.) 1283
(02-34 NBD DI MeZmuiza (Rencénu p.) 1983 07-36 NBD DI Silupite (Kocénu p.) 1953
04-36 NBD DI Argali (Jeru p.) 1983 (07-47 LU FK Ape M.Laiving 1982

U4-33 NBD DI [aundmuiza (Rencénu p.) 1983 08-U8 NBI) DI Véde (Popes p.) 1977

05-14 LU FK Kolka M.1Laiving 1983 08-16 BI KE Roja [.Lodzina 1988

U3-35 L Bauni {(Matisu p.) K.5tares 1934 08-33 NBD DI Tampas (Stalbes p.) 1931
07-12 NBD DI Azi (Dundagas p.) 1877 08-41 LU FK Smiltenc M.Laivins 1985

07-32 HLATVY Umurga G.Gavrilova 199] 08-30 NBD DI Aliiksne 1975
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08-23 NBD DI Jauna muiza 1979

09-06 BI KF Ventspils G.Gavrilova 1992
V9-14 NBD DI Ambraki (Valdemarpils p.y 1977
(02-15 NBD DI Laukmuiza (Valdemérpils p.) 1977
09-33 NBD DI Ezergaili (Stalbes p.) 1981
10-47 NBD DI Udrande (Piltenes p.) 1977
11-14 NBD DI Valdgale 1977

11315 NBD DI Skéde (Laucienas p.) 1977
10-16 NBD DI lgene (Vandzenes p.) 1977
113-19 BI KF Bérzeiems G.Gavrilova 1991
10-33 NBD DI Baukalni {Straupes p.) 1981
10-34 NBD DI Kalnakukeni (Straupes p.) 1981
10-35 NBD DI Cesis 1981

10-36 NBD DI Césis 1981

11-05 Bl KF Uzava [.Lodzina 1990

11-14 NED DI Dizstende (Libagu p.) 1993
11-15 NBD DI Starigi (Laidzes p.) 1977
11-17 NBD DI Fidrikmuiza (Laucienas p.) 1977
11-28 LU FK Lilaste M.Laivins 1987

11-34 L Ligatne A.Pétersone, K.Birkmane 1338
11-37 NBD DI Skrastim (Vaives p.} 1981
11-39 LU FK Dzérbene M.Laiving 1997
11-43 NBD DI Andrakalni (Rankas p.) 1983
11-44 NBD DI Lizums 1983
11-45 NBD DI Veléna 1983

11-47 1. Gulbene K. Starcs 1934
11-49 NBD DI La¢plesi 1983
12-17 NBD DI Cére {Zentenes p.) 1977
12-31 LU FK Murjani M.Laiving 1992

12-32 LU FK Sigulda M.Laivins 1985
12-38 NBD DI Gruntal: (Skujenes p.) 1981
12-38 LU FK Apsi (Taurenes p.) 1992

12-43 NED DI Kapine (Druvienas p.) 1983
12-45 NBD DI Azi (Tirzas p.) 1983

13-14 NBD DI Pedvale (Abavas p.) 1977
13-15 NBD DI KalnamuiZza (Kandavas p.) 1977
13-26 Bl KF Vecdaugava [ Lodzina 1989
13-27 L Riga K.Starcs 1934
13-28 NBD DI Langstip 1979
13-28 LU FK Garkalne M.Laiving 1985
13-32 NBD DI Skrunte (Allazu p.) 1979

3-3¢ NBD D Marmuiza {Mores p.) 1981

BIOGEOGRAPHY

13-39 LU FK Zobols (Vecpiebalgas p.)
M.Laiving 1998

13-40 LU FK Vecpiebalga M.Laiving 1992

13-43 NBD DI Dzenumuiza {Liezeres p.) 1981

14-13 NBD DI Kab:le 1978

14-14 NBD DI Aizupe 1975

14-19 NBD DI Lauksargi (Tumes p.) 1972

14-20 NBD DI Aizpure (Smardes p.) 1977

14-22 LU FK Sloka M.Laiving 1950

14-23 LU FK Melluzi M.Laivins 1986

14-24 LU FK Lielupe M.Laiving 1986

14-26 H RIG I Riga Vestbergs 1888

14-27 H LATV Riga G.Gavrilova 1597

14-33 NBD DI Pulaka (Sidgundas p.) 1979

14-53 LU FK Luteninu kapi M.Laiving 2001

15-03 H RIG [ Pavilosta Brahmans 1904

15-04 NBD DI Sarlate (Sakas p.) 1977

15-07 NBD DI Birzi 1978

15-08 NBD DI ApSenieki {Kurmales p.) 1983

15-13 NBD DI Zuténi (Viesturu p.) 1978

12-14 NBD DI Jaunvarieba (Vanes p.) 1977

15-15 NBD DI Plani (Zantes p.) 1977

15-17 NBD DI Mezvidi (Zemites p.} 1977

15-32 NBD DI Annasmuiza (Suntazu p.} 1979

15-35 NBD DI Stlamuiza (Madlienas p.) 1979

15-36 NBD DI Vecreimuiza ( Taurupes p.) 1979

13-40 NBD DI Stujgi 1979

15-41 NBD DI Demene 1973

15-42 LU FK Zalgauska M.Laiving 2002

16-03 NBD DI Valki (Sakas p.) 1977

16-06 NBD DI Apriki 1977

16-07 NBD DI Klostere (Lazas p.) 1977

16-10 NBD DI Savenieki (Ranku p.) 1978

16-13 NBD DI Kaln (Jaunlutrinu p.) 1978

16-14 NBD IM Lielsatiki (Gaiku p.) 1978

16-16 NBD DI Vingenki (Viesites p.) 1977

16-20 NBD DI Grauzite ¢ Diikstes p.) 1977

16-29 LU FK Ikskile M.Laiving 1987

16-30 L. Ogre L K.Starcs 1934

16-31 LU FK Parogre M.Laivins 1936

16-40 NBD D1 Vidsmuiza (Filiptile) 1979

16-42 NBD DI Pilskalns (Marcienas p.) 1978
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16-52 NBD Di Krigjani 1976

17-065 NBD DI Cirava 1978

17-06 NBD DI Aizpute 1978

17-07 NBD DI Kazdanga 1977

17-08 NBD DI Kapsi {(Kazdangas p.} 1577
17-09 NBD DI Krimini (Laidu p.) 1978
17-10 NBD DI Skrunda 1983

17-11 NBD DI Niedre (Skrundas p.} 1979
17-12 NBD DI Lasupe (Lutrinu p.} 1978
17-13 NBD DI Saldus 1978

17-15 NBD DI Jaunimuiza (Remtes p.) 1978
17-16 Bl KF Smukas [.Kabucis 1092

17-17 NBD DI Bikst: 1977

17-18 NED DI Jaunpils 1977

17-21 NBD DI Berzaine (Bérzu p.) 1977
17-22 NBD D1 Livbérze 1977

17-27 NBD DI Dzérumi (Kekavas p.) 1980
17-32 LU FX Lielvarde M.Laivins 1987
17-40 NBD DI Jaunimuiza {Vietalvas p.) 1979
17-43 NBD DI Ezeriesi (Laudonas p.) 1981
18-03 NBD DI Kapséde (Medzes p.) 1977
18-05 NBD DI Raibamuiza (Durbes p.) 1978
18-07 NBD DI Kalvene 1978

18-13 NBD DI Satini 1975

18-14 NBD DI Mazciecere (Brocénu p.) 1978
18-16 NBD DI Blidene 1978

18-18 LU FK Kakenieki M.Laiving 1993
18-20 LU FK Dobele M.Laiving 1993

18-21 NBD DI Krisjani (Bérzes p.) 1977
18-23 H LATV Jelgava V.Sules 1979

14-25 NBD DI Libtesi (Sidrabenes p.) 1985
18-27 NBD DI Césinieki (lecavas p.) 1981
18-28 NBD DI Dzelzamurs (Iecavas p.) 1977
18-34 LU FK Skriver1 M.[Lawving 2001
18-35 LU FK Aizkraukle M.Laiving 1937
18-39 NBD DI Ple¢i (Klintaines p.) 1979
19-02 H LATV Liepdja I.Lodzina 1985
19-03 NBD DM Grobima 1977

19-04 NBD DI Mazvarve (Tadaiku p.) 1978
18-05 NBD DI Varve (Tadatku p.) 1978
19-06 NBD DI Bunka (Bunkas p.) 1978
19-08 NBD DI Embiite 1978

19-12 NBD DI Pauri {Novadnieku p.) 1978
19-14 H LATV Odzénu ez. [.Kabucis 1994
19-15 NED DI Zvarde (Novadnieku p.) 1978
19-17 NBD D1 Lielauces mezkungmuiza 1981
19-18 NBD 41 e 1977

19-20 NBD DI Lielapgulde 1977

19-21 H LATYV Zalenieki L.Kabucis 1990
19-22 NBD DI DaktermuiZa (Zalerueku p.) 1981
19-23 BI KF Svéte V.Sules 1985

19-25 NBD DI Emburga 1977

19-26 NBD DI Garoza (MeZotnes p.) 1977
19-27 NBD DI Podi (lecavas p.) 1977

19-31 NED DI KalnamuiZa {Birzgales p.) 1981
19-39 LU FK Selpils 1987

19-52 NBD DI Sutrava (Vérému p.) 1951
19-55 NBD DI Ludza 1579

20-04 NBD DI Vidusmuiza (Gaviezes p.) 1977
20-05 NBD DI Virga 1993

2G-07 NBD DI Asite (Priekules p.} 1978
20-08 LU FK Vainode M. Laivins 2002

20-10 NBD DI Dziras (Nigrandes p.) 1978
20-12 NBD DI Griezes (Ezeres p.) 1978
20-13 NBD DI Bruzilas {Kursigu p.) 1978
20-15 NBD DI Jaunauce 1978

20-18 NBD DI Piukgk: {(Bénes p.) 1981
20-22 H LATV Uszini [ Kabucis 1990

20-23 NBD DI Jaunplatone 1977

20-26 LU FK Jumpravmuiza M.Laiving 2001
20-27 NBD DI Bauskas kokaudzétava Bérzos 1977
20-28 NBD DI Vecsaule 1977

20-33 NBD DI Salasmuiza {Mazzalves p.) 1980
21-01 NBD DI Bernati 1477

21-02 L. Niea K.Starcs 1934

21-07 NBD DI Mazgramzda (Prniekules p.) 1978
21-08 NBD DI Rauzi (Vainodes p.) 1978

-14 NBI} DI Renge 1978

-16 NBD DI Me#henkava (Vadakstes p.y 1978
-22 NBD DI Barzdinmuiza (Vilces p.) 1981
-26 NBD DI Ziedoni (Borsminde) 1977

27 NBD DI Islice 1977

-28 NBD DI Ceraukste 1977

-29 NBD DI Jaunsaule 1977
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21-31 NBD DM Skaistkalne 1977

21-51 NBD DI Vertukine (Spé|u p.) 1981
21-36 NBD DI Lapinka (Pildas p.) 1980
22-04 NBD DI Dunika 1978

22-35 NBD DI Kalnamuiza (Zalves p.) 1980
22-37 LU FK Sauka M.Laivips 1999

22-41 LU FK Zasa 1987

22-53 NBD DI Dvarci (Makopkalna p.y 1581
23-47 NBD DI Leonpole (Varkavas p.) 1981
23-30 NBD DI Kategrade {Rusonu p.) 1981
23-45 NBD DI Rusona 1974

24-03 LU FK Rucava M.Laivins 1986
24-39 NBD DI Aknikste 1974

24-49 NBD DI Rutuli (Rugona p.) 1981

24-50 NBD DI Starodvorje (Aglonas p.) 1981

24-51 NBD DI Folvarcka (Koestulinas p.) 19581

24-52 NBD DI Jaunokra (Andrupenes p.) 1981

24-53 H LATV Dagda Z. Slangena 1979

25-52 NBD DI Teneismuiza (Skaistas p.) 1981

253-33 NBD DI Ludvigova (Skaistas p.} 1981

26-52 NBD DI Ezermuiza {Skaistas p.) 1981

27-46 LU FK Griva M.Laivips 2000

27-49 H LATV Salpotkas upes ieleja
G.Gavrilova 1975

27-53 NBD DI Vaivodi (Indras p.) 1981

List of Revroutria sachaliense localities

N3-14 LU FK Kolka M.Laivins 1985

07-47 LU FKApe M.Laivins 1987

(18-16 LU FK Kaltene M.Laiving 2002

08-17 LU FK Valgalciems M. Laiving 2002

38-41 LU FK Smiltene M. Laivins 1987

118-50 LU FK Aldksne M.Laivins 1985

08-51 LU FK Beja M Laiving 1985

08-52 LU FK Visikums M. Laiving 1985

09-06 LU FK Ventspils M.Laiving 1994

119-16 NBD DI Darte (Vandzenes p.) 1977

(39-50 H LATV Veistera ez. (Jaunaliksnes p.)
G.Gavrilova 1984

19-53 LU FK Liepna M.Laivinsé 1987

10-14 NBD DI Vigrieze (Laidzes p.) 1977

10-16 NBD DI Igene (Vandzenes p.) 1977

10-29 BT KF Saulkrasti [.Lodzina 1986

1U-36 NBD DI Annasmuiza {Priekulu p.) 1981

10-38 LU K Bérzkrogs M.Laivins 1985

10-39 LU ¥FK Drustu pagrieziens M.Laiving 2002

11-14 NBD DI Talsi 1977

11-16 NBD D1 Laucicna 1983

11-43 NBD DI Vecnuiza (Rankas p.) 1983
11-17 L Gulbene K.Starcs 1934

12-28 LU FK Gauja M.Laivigs 1987
12-32 L Sigulda M.Bumbure 1955

12-39 LU FK Apai (Taurenes p.} M.Laivin$1992
13-11 NBD DI Ozolmuiza (Kurmales p.) 1978
13-15 NBD DI Kalnamwiza (Kandavas p.) 1977
13-16 NBD DI Kandava 1977
13-19 NBD DI Rauda 1977
13-27 H LATV Riga Brasa Z.Eglite 1976
13-32 NBD DI Mezmuiza (Allazu p.) 1979
13-54 LU FK Rekava M.Laivins 2002
14-09 LU FK Kuldiga M.Laiving 2002
14-19 LU FK Tukums M.Laiving 1986
14-20 NBD DI Salas {Smardes p.) 1977
14-22 L. Sloka K.Starcs 1934
14-23 LU FK Melluzi M.Laiving 198b
14-24 LU FK Lielupe M.Laiving 1986
14-25 LU FK Bulluciems M.Laivips 2002
14-26 H RIG IV Riga, Latvijas Universitites

botiniskais darzs 1941
14-27 H RIG II Riga Vérmandarzs

{bez autora) 1837
14-38 NBD DI Kulmes Qumurdas p.) 1979
14-39 NBD DI Valola Jumurdas p.) 1979
15-09 NBD DI Mazsilija (Snépeles p.) 1973
153-16 NBD DI Valmum (Zemites p.) 1977
15-17 NBD DI Lidakas (Irlavas p.) 1977
15-18 NBD DI Degole 1977
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15-32 LU FK Lielie Kangari M.Laivins 1999
15-40 LU FK Vestiena M.Laivins 1986
15-41 NBD DI Devena 1973

15-44 LU FK Sarkani M.Laiving 2002
16-17 NBD DI Strutele (Jaunpils p.) 1977
16-15 L Dzukste K.Starcs 1934

16-29 LU FK Ikskile M.Laiving 1986
16-31 LU FK Ciemupe M.Laivins 1983
16-55 L Malnava K.Starcs 1934

17-05 NBD DI Cirava 1978

17-07 LU FK Laidi M.Laivins 1999
17-19 NBD DI Kriimini (Laidu p.) 1978
17-24 LU FK Ozolnicki M.Laiving 1986
17-31 LU FK Kegums M.Laiving 1985
17-32 LU FK Lielvarde M.Laiving 1985
17-37 NBD DI Vechebr1 1979

17-43 LU FK l.audona M.Laiving 1999
17-25 LU FK Mérdzene M. Laivins 2001
18-13 LU FK Saldus M.Laiving 1985
18-20 NBD DI Dobele 1977

18-23 H LATV Jelgava V.Sulcs 1979
18-24 NBD DI Mezciems {Jaunsvirlaukas p.) 1984
18-35 NBD DI Skriveri 1987

19-02 H LATV Liepija I.Lodzina 1985
19-04 H LATV Gavieze G.Gavriloval986

19-08 LU FK Embate M.Laivins 2001
19-11 NBD DI Pampali 1975

19-17 NBD DI Stirnas (lles p.) 1976

19-20 H LATV Kronauce G.Gavrilova 1990
19-22 NBD DI Dimzéni {Zalenieku p.) 1977
19-23 NBD DI Platone 1977

19-30 NBD DI Stelpe 1577

19-45 H LATV Atadiene Z Slangena 1979
2016 H LATV Auce G.Gavrilova 1990
20-17 BI KF V.Baroniga 1990

20-24 NBD DI Vircava (Sesavas p.) 1977
20-26 NBD DI Mezotne 1977

21-05 L Kaléti K.Starcs 1934

21-27 NBD DI Derpele (Codes p.} 1977
21-28 NBD DI Klavas (Ceraukstes p.) 1977
21-26 NBD DI Zaharmuiza (Pildas p.) 1979
21-58 LU FK Ploski M.Laivins 1988
22-41 LU FK Zasa M.Laivins 1987

22-56 NBD DI Pakalne (Rundénu p.) 1981
2227 LU FK Lauderi M.Laiving 1988
23-36 NBD DI Lielunkéni (Neretas p.) 1985
24-54 H LATV Dagda Z.Slangena 1979
26-47 NBD DI Jezufova {Naugenes p.) 1975
28-45 NBD DI Pokropiski (Laucesas p.) 1981



