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ABSTRACT: The purposes of the present pa-
per are: a) to show the synusial structure of the herb
layer of ten sites, located in Norway, Finland, Esto-
nia, Latvia, Lithuania and Poland along the transect
stretching between 50°28 and 70°09° N, and b) to
characterise the species-area curves for all the sites
studied.

The number of types of synusiae on the parti-
cular sites ranges from three to ten, though only one
or two have the dominating character, that is, occu-
py at least 20% of surface. From the point of view
of synusial differentiation three geographical gro-
ups of sites could be established: the most distinctly
different are the northern sites. The second subset
of sites, though featuring relatively weak internal
mutual similarities, encompasses the sites located in
the middle part of the transect. The third subset of
sites, represents a more southern character.

For each of the sites separately the dependen-
ce between the number of vascular species of the
herb layer and the area of the site considered (the
species-area relationship) is described by the formu-
lay = ax’. Correlation coefficients between the mo-

del and the actual number of species are very high,
from 0.902 to 0.998.

KEY WORDS: synusial differentiation, herb
layer, number of species, life forms, species-area
curve

[. INTRODUCTION

The horizontal differentiation of the herb
layer constitutes one of the most important
structural characteristics of the forest phyto-
coenoses. On the one hand, it influences the
spatial heterogeneity of various processes,
for instance, production and decomposition
of the organic matter. On the other hand, it
can be treated as a measure of the habitat
micro-heterogeneity, with particular distinc-
tion of the topography, fertility and humidity
differentiations (Hornberg et al., 1997).
One of the manners of describing the hori-
zontal differentiation of the herb layer i1s the
analysis of types of synusiae. The notion of
synusium is used here to denote the grouping
of species characterised by the similarity of
the life forms and similar ecological require-
ments within a single layer of the association.
The synusiae are sometimes considered to be
the basic spatial and functional units within
the framework of a phytocoenosis (Mavris-
cev, 1980; Gillet, 1986;Julve and Gillet,
1994; Vegetation Classification Standard,
1997). The term of microhabitat is being used
also 1n a similar meaning (Guo, 1998).
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Side by side with the synusial heteroge-
neity there 1s another important structural
characteristic of the herb layer, namely the re-
lation between the number of species ob-
served, and the size of the observation area
(Barnett and Stohlgren, 2001).

The purposes of the present report are: a)
to show the synusial differentiation of the
herb layer of ten sites located along the
North-South transect under study, elabora-
tion of the typology of the synusiae analysed
and determination of the influence of geo-
graphical location and climatic conditions on
the horizontal heterogeneity of the herb layer;
and b) to characterise the curve of the de-
pendence “number of species vs. surface
area” for all the sites studied. The phytosocio-
logical and floristic characterisation of the
study sites 1s shown 1n a separate report (So-
lon, 2003, in this volume).

2. METHODS

The basis of the description of the synu-
sial structure of the herb layer was provided
by the field charting within the surface of di-
mensions 11 m by 11 m, selected as the most
typical for each of the ten study sites, located
along the North-South transect (see Brey-
meyer, 2003a, in this volume). The floristic
descriptions were elaborated for each of the
individual synusiae. Each description encom-
passed the surface of 4 m?. The quantitative
characteristics of the species (area coverage)
were estimated according to the modified
12-point scale, on which “r”, “+”, and “1” de-
note, respectively, 0.1%, 0.5%, and up to
10%, while the remaining values, from 2
through 10, denote the successive ten per cent
intervals. These floristic descriptions were
the basis for the identification of the types of
synusiae. The typological tables put together
contain only those species, whose cover
measure was at least once higher than 10%.
The species of the vascular plants were desig-
nated on the basis of the key of Szafer ef al.,
1969, and the names used followed the elabo-
ration of Rothmaler (1976). The field
charting and the plant species descriptions
were done 1n 1997. The sole exception was
the Norwegian site, for which this was done
in 2000. There were altogether 117 floristic
records elaborated in the synusiae (nine on
the NOI1 site and 12 on each of the remaining
sites). The similarities of the floristic compo-

sitions between the particular synusiae and
the similarities of the particular sites with re-
spect to the appearance of the types of synu-
siac were calculated with the Canberra
distance and presented with the help of the
dendrogram obtained from the Ward cluster-
ing method.

The vanability of the number of species
of vascular plants in the herb layer on the sur-
faces of different area magnitude was deter-
mined on the basis of a) the floristic
descriptions elaborated for 20 squares of di-
mensions | m x 1 m, and one surface of 4 x 5
m; b) the data contained in the phytosocio-
logical relevés for the areas of 100 and 400
m-~ (see Solon, 2003). It was assumed that
the character of the relation of “number of
species vs. area’ i1s defined by the formula
y = ax’.

The interdependencies between, on the
one hand, the geographical location and the
climatic measurements (the independent
variables), and, on the other hand, the number
and cover of synusiae (as a measure of the
horizontal heterogeneity of the herb layer),
were characterised on the basis of correlation
and regression analysis. The climatic charac-
teristics adopted were the long-term average
annual precipitation, the long-term mean an-
nual temperature (see Breymeyer, 2003a,
b), and the indices of Lang and Martonne.

The Lang index (Lang, 1915) is defined
as L = (annual precipitation / mean annual
temperature), while the Martonne index
(Martonne, 1926) has the form M = [annual
precipitation / (mean annual temperature +

10)].

3. RESULTS
3.1. MAIN TYPES OF SYNUSIAE

The similarities of the 117 descriptions
of synusiae, taken from the ten study sites are
presented in Fig. 1. This similarity-based
dendrogram indicates the appearance of three
groups of synusiae, within which similarity
exceeds 0.55. A more detailed analysis, ac-
counting for the ecological character of the
species and their quantitative proportions,
makes 1t possible to distinguish four main
groups encompassing 22 types of synusiae.

The first group (group A), the least simi-
lar to all the other ones, associated with the
sites NO1 and FN1, encompasses the synu-
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Fig. 1. Dendrogram of similarity of the species composition of the synusiae based on Canberra distance and
Ward method. Codes: sample site/description number (e.g. FN1/6 means: the sixth field description (out of 12)
on the FN1 site).

sitac with a high share of Empetrum nigrum,
or featuring a very low plant coverage (Ta-
ble 1). Within this group five types of synu-
siac can be distinguished, differing by the
domination of particular species. The second
group (group B) encompasses the dwarfshrub
— mossy synusiae, most common for the sites
of the transect (Table 2). Within this group
we can distinguish eight weakly pronounced
types of synusiae. The third group (group C)
1s composed of the synusiae with a high share
of Vaccinium myrtillus (Table 3). Depending
upon the abundance of other species of the
dwarfshrubs three different types of synusiae
can be distinguished within this group. The
last group (group D) contains the synusiae, in
which the most important role 1s played by
the mosses (Table 4). The further subdivision
into six types within this group results from
the area shares of the grassy and dwarfshrub
species.

3.2. THE SYNUSIAL COMPOSITION
OF THE STUDY SITES

Individual study sites are characterised by
specific spatial heterogeneity of the herb layer
(Fig. 2). The number of types of synusiae on
the particular sites ranges from three to ten,
with the most frequent number of types being
four and five, though only one or two (on the
site FN3 — three) have the dominating charac-
ter, and occupy at least 20% of surface (Table
5). Notwithstanding the local specificity it 1s
possible to draw conclusions concerning geo-
graphical variability of distribution of synu-
siac from the particular groups. Thus,
occurrence of types representing group A 1s
limited to just the sites NO1 and FN1, while
group D contains the synusiae of a more south-
ern character, which do not appear on the sites
NOI, FNI and FN2, while being most inten-
sively differentiated and playing an important



Table 1. Floristic composition of synusiae types belonging to the first group (group A), mainly with the dominance of Empetrum nigrum . (Type number - the same as
in legend for Fig. 2; species coverage according to the 12-point scale: “r”, “+”, and “1” denote, respectively, 0.1%, 0.5%, and up to 10%, while the remaining values,
from 2 through 10, denote the successive ten per cent intervals

type number

type name

study site

mMosses

lichens

Empetrum nigrum
Vaccinium vitis-idaea
Vaccinium myrtillus
Deschampsia flexuosa
Pinus sylvestris
Vaccinium uliginosum
Arctostaphylos alpina
bare soil

loose
Empetrum Vabckalam vitie dlacs ditipetiom o Lichen -Vaccinium vitis-idaca-Empetrum Vaccinium
type vitis-idaea
type
6 4 ] + + 1 + 3 2 + +
1 1
9 8 2
2 3 9

22

Lichen-
Deschampsia
lype
NOI1
2

6
2
2
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uojos Aziaf



Table 2. Floristic composition of synusiae types belonging to the second group (group B) with the co-dominance of dwarfshrubs and mosses (Explanations: see Table 1).

type number l—— : B 5 ' 6
B - Vaccinium vitis- g -
Vaccinium vitis-idaea- o | Vaccinium vitis-
type name Empetrum type with Desdenils tdaea.-Fesluca
mosses . type with mosses
type with mosses
study site | FN2 FNI FN2 FN2
mosses 10 7 10 10
lichens 3 1
Empetrum nigrum 5 6 3 2
Vaccinium vitis-idaea 8 3 6 7

Vaccinium myrtillus
Calluna vulgaris 2 2
Festuca ovina

Deschampsia flexuosa
Calamagrotis epigeios
Melampyrum pratense
Luzula pilosa

7

. — —— ——

Vaccinium vitis-idaea type with mosses

bare soil | |

. l

type number 3 | 10

s N B

Calluna-Pleurozium

FN2 LT! PL3 LTI LTI FEN2 FN2 PL3 PL3 PL2 PL2 LTI PL3 PL3 PL2
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| 2

PL2 PL2 FN3 FN3

type name dwarfshrub-Pleurozium type Vact‘cﬁu‘:r:t:itis- I Plcuruzmm:i)t?:i:;;ha iy Pleurozium-Calluna-Vaccinium vitis-idaea type
idaea
study site BT W LY Pl PLI PLI FN3 FN2 PL1| LTI PL3 FN2 PL3 PLI ‘ FN3 FN3 FN3 FN3 FN3 FN3 LTl PLI
mosses 7 8 7 8 7 9 8 10 8 7 7 9 7 8 6 9 9 8 8 9 8 6
lichens 2 2 1 1 1 1 1 3 1 3
Empetrum nigrum 2
Vaccinium vitis-idaea 5 3 2 5 3 2 4 5 2 5 5 4 4 3 5 2 3 5 5 3 4 2
Vaccinium myrtillus 1 ] 1 | 4 l 1
Calluna vulgaris - 3 2 2 3 4 6 5 4 2 2 3 1 1 | 3 2
Festuca ovina |
Deschampsia flexuosa
Calamagrotis epigeios 1
Melampyrum pratense 1 1 2
Luzula pilosa 1 3 b oL
bare soil SEIRET W : 1 2 e gt 4 8 SR N S R RN B N
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role on the sites LT1, LI1 and PL1 (Table 5).
Likewise, the dendrogram of similarities of
the study sites with respect to the area shares
of the particular groups of synusiae indicates
clearly the influence of geographical location
on the composition of groups and their mutual
likeness (Fig. 3). The most distinctly different
are the northern sites, and in particular the sites
NOI1 and FN1, with the site FN2 being some-
what similar to them. The second subset of
sites, though featuring relatively weak internal

mutual similarities, encompasses the sites
FN3, ES1, LIl and PL1 located in the middle
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part of the transect. The third subset of sites,
representing a more southern character, 1s
composed of the sites PL2 and PL3. The site
LTI, formally assigned also to this subset,
displays an only marginally smaller similar-
ity to the sites LIl and PL1.

The geographical location is also associ-
ated with the spatial heterogeneity of the herb
layer. It namely turns out that the sites char-
acterised by the same number of the synusial
types occurring on them feature higher spa-
tial heterogeneity when located farther South

(Fig. 4).
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Fig. 2. Synusial heterogeneity of the study sites. 1-22: types of synusiae: | — Empetrum type; 2 — Vaccinium
vitis-idea-Empetrum type; 3 - Lichen-Vaccinium vitis-idea-Empetrum type; 4 - Vaccinium

vitis-idaca-Empetrum type with mosses; 5 — Vaccinium vitis-idaea-Deschampsia type with mosses; 6 —
Vaccinium vitis-idaea-Festuca type with mosses; 7 — Vaccinium vitis-idaea type with mosses; 8 — loose
Vaccinium vitis-idaea-Pleurozium type; 9 — Vaccinium myrtillus-Pleurozium type; 10 — dwarfshrub-Pleurozium
type; 11 — Calluna-Pleurozium type with Vaccinium vitis-idaea; 12 — loose Calluna-mosses type; 13 —
Pleurozium type; 14 — Pleurozium type with Vaccinium vitis-idaea; 15 — Pleurozium-Empetrum-Vaccinium
type; 16 — Pleurozium-Vaccinium type; 17 - Pleurozium-Calluna-Vaccinium vitis-idaca type; 18 -
Calamagrostis type; 19 — Festuca-mosses type; 20 — Pleurozium-Festuca type with lichens; 21 — loose
Vaccinium vitis-idea type; 22 — Lichen-Deschampsia type (compare Tables 1-4).



Table 3. Floristic composition of synusiae types belonging to the third group (group C) with the dominance of Vaccinium myrtillus (Explanations: see Table 1).

type number 9 15 16
type name Vaccinium myrtillus-Pleurozium type Plcu:/(:zcl::i;lim;;t:um- Pleurozium- Vaccinium type
study site ES1'ES1 * ES1% PL1 “BST 'ES1{NOF 'NO1--FN2 - EN2.L'ES1- ES1 “ES1- EST “ES1 " Pr2 ‘PL? "PE2 “PL2 Il * LlI1" “PLEPL2 =PL2
mosses 8 8 7 8 7 6 8 9 8 10 9 8 9 8 7 9 7/ 7 8 8 8 8 7 6
lichens 1 + 1 1 2
Empetrum nigrum 2 2 3 1
Vaccinium vitis-idaea 2 3 1 1 1 2 + 2 4 4 2 1 1 2 2 5 2 4 4 2 2 3 B 8
Vaccinium myrtillus 6 6 6 6 6 1 72 2 3 2 3 3 D) 3 4 2 S 2 1 4
Calluna vulgaris 1
Festuca ovina 1
Melampyrum pratense 2 1 1 1 1 1 1 1
Diphasiastrum complanatum 2
bare soil 2 1 1 2 + 1 1 2 4 2 1 2 1 1 3
Table 4. Floristic composition of synusiae types belonging to the fourth group (group D) with the dominance of mosses (Explanations: see Table 1).
type number 8 12 13 18 19 20
S S 5 Pleurozium-
type name oo Yoo e T g, | T Pleurozium type Calamagrostis type Festuca-mosses type Festuca type with
e e a lichens
study site ET1=EN3:-FN3= 1z “Fil > PIr2°1 PI'S - [ EN3SSES] SER - LIl SPE] #-PE3s PP3-»PI3* “Pl3 » ES|al~ PL'] PEIL 6 0[928 0 0SS 61 (1508 55 W 1 B 07 LI1
mosses 5 4 4 5 5 4 5 5 7 10 8 8 7 8 7 8 7 8 7 9 8 6 7 7 5) 5
lichens 1 1 7 1 + 1 4 1
Vaccinium vitis-idaea 4 2 2 2 < 4 1 2 1 1 1 1 1 1 1
Vaccinium myrtillus + 1 1 1 1 4 1
Calluna vulgaris 2 1 1 1
Festuca ovina 4 S 4 5 3
Deschampsia flexuosa 3
Calamagrotis epigeios 3 2
Pinus sylvestris 1 1
Melampyrum pratense 1 1 1
Picee excelsa 2
Luzula pilosa 1
bare soil < 3 5 3 3 3 2 3 S 2 2 5 1 1 1 2 2 2, 3 1 2 2 2 S
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Table 5. Area (in m?®) occupied by different synusiae types on 121 m* sampling plots of study sites.

site NOI FNI FN2 FN3 ES1 11 LIl PL1 L2 PL3

synusium  synusium ]
]

group’ type
A 21 3.5
A 22 2
A 2 64.5 12
A 3 34 36
A 1 6.5
@ 15 17 9.5
b 9 43.5 4.5 17.5
L 16 56.5 48.25 8 4]
B 4 6.5 77
B 11 12 2 2
B 14 2 3 5 8.5
B 7 20.5 65.5 3 50 51.25
B 17 37 2 3 6.5
B 5 3.5
B 2
B 10 16.5 13.3
D 13 45 21 3 5 42.5 19D T
D 8 37 6 18.5 4 6.5
D 20 y 5 8
D 19 a8y 104 17
D 12 10 18
D 18 9.5
number of types 3 4 b) 4 3 9 8 10 5 5

Shannon’s diversity

: : 1.64 1.39 1.56 1.69 L RN SRR G SRR 1.85 1.94
index of synusiae _

'compare Table 14 and Fig. 2.

3.3. CHANGES OF THE
SPECIES NUMBER

The relation between the geo-
graphical location and the number
of vascular plants occurring on the
areas of various size 1s not unambi-
gous (Fig. 5). On the one hand, a
statistically significant decrease 1s
observed of the number of species
within the 100 and 400 m” plots
along with the latitude. On the
, other hand, latitude has no essen-

v 0.5 1 tial influence on the number of spe-
cies observed on the areas of 1 or

Fig. 3. Dendrogram of similarity of synusial composition of the 20 m?,
herb layer on study sites based on Canberra distance and Ward The previously mentioned cli-

method. matic factors have no influence on
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Fig. 4. The number of synusium types in the herb layer and the Shannon’s
index of synusial diversity of the study sites.

Latitude (°N)
Fig. 5. Regression lines for the number of species in the herb layer against
the latitude: A — for 1 m? (y =a+ bx; a= 196, b = 0.02, correlation
coefficient 0.18); B — for 20 m* (y = a + bx; a = 4.98, b = 0.05, correlation
coefficient 0.14); C — for 100 m* (y =a + b x Inx; a = 155.91, b = —34.87,
correlation coefficient 0.78); D — for 400 m’ (y=a+b xInx; a=118.09,
b =-25.21, correlation coefficient 0.63).

25

PLI1

—
0 50 100 150 200 250 300 350 400 450
Arca (m?2)

Fig. 6. Regression lines for the number of species in the herb layer against
the area (m?® for all the study sites. See Table 6 for the equation
parameters.

the species richness of the
sites. In particular, there 1s
no statistically significant
correlation between the
number of species (on the
surface of any area) and the
annual total precipitation as
well as the Martonne 1ndex.
On the other hand, a weak
association (correlation co-
efficient r = 0.63) 1s ob-
served between the number
of species per 1 m? and the

Lang index (y = —433.26 +
196.43x).

For each of the sites
separately the dependence
between the number of vas-
cular species of the herb
layer and the area of the site
considered (the “number of
species vs. area’ relation-
ship) 1s described by the
power form y = ax®. The val-
ues of the exponent b are
contained 1n the interval
from approximately 0.16 to
approximately 0.29, with
the correlation coefficients
between the model and the
actual numbers of species
being very high, from 0.902
to 0.998 (Fig. 6 and Table
6). It should be noted 1n this
context that the northemn
sites (NOI1, FNI1 and FN2)
are characterised by the
much lower values of the pa-
rameter b, In comparison
with the southern sites (PL1,
PL2 and PL3). On the other
hand, correlation between
the model and the empirical
data 1s somewhat higher for
the northern sites than for
the southern ones.

4. DISCUSSION AND
CONCLUSIONS

Within the fresh pine
forest ecosystems the herb
layer 1s not homogeneous,
but rather split up into frag-
ments forming the setting of
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Table 6. Parameters of regression lines (according to
the model Y = ax") for the number of species (y) on

the area (x) for all study sites

Site A Correla:cion
coefficient
NO1 3.37 0.19 0.99
FN1 327 0.17 0.93
FN2 5.92 0.16 0.92
FN3 2.96 0.29 0.99
ES1 4.21 0.18 0.93
LTI 4.6 0.21 0.94
LIl 3.55 0.26 0.94
PL1 4.67 0.27 0.94
PL2 481 0.28 0.91
PL3 2.7 0.29 0.9

separate micro-areas, differing by the domi-
nation of the particular species and life forms.
The method based upon the synusiae 1s useful
in the description and characterisation of
such spatial forms. It can complete, and in
some cases also replace, other methods of de-
scription, applied in the typology of forest as-
sociations (Du Rietz, 1930; Lippmaa,
1935; Gillet, 1986; Freléchoux et al.,
2000).

Taking as the basis the dominating spe-
cies, the life forms, and the degree of area
coverage by vegetation, and accounting for
the results of cluster analysis in the form of
dendrogram, we can distinguish four main
groups of synusiae, encompassing their 22
types. A part of these types are limited in their
occurrence to just northern Scandinavia,
while other ones are common to the pine for-
ests of the remaining part of the transect. In
particular, the synusiae with the domination
of bilberry (Vaccinium myrtillus), and the
purely mossy synusiae, with the domination
of Pleurozium schreberi, are especially fre-
quent. Their presence was also registered on
the parallel transect stretching from the vicin-
ity of Berlin to eastern Belarus’ (Roo-
Zielinska and Solon, 1998; Solon and
Roo-Zielinska, 1998).

The increase of the number of the herb
layer species, observed along with the in-
crease of the area analysed, has a similar
character for all the sites and 1s conform to the
so-called allometric rule, represented through
the formula y=ax". Similar relationships have
been described many times, and the values of
the exponent parameter obtained in the study
range roughly between 0.17 and 0.33; such

values being among the ones most often
quoted in the literature (Stanley et al,
2000). The sites especially rich in species fea-
ture, 1n general, higher values of the exponent
b, which, again, is a commonly observed
regularity (Barnett and Stohlgren, 2001).

Taking into consideration the synusial
differentiation and the variability of the pa-
rameter appearing in the dependence of the
number of species upon the size of the area
analysed, we can deduce a clear division of
the sites studied, located along the given tran-
sect, into three groups. The first of them en-
compasses the northernmost sites (NO1 and
FN1), to which the site FN2 i1s much alike.
The second, well separate group 1s composed
of the southern sites, and especially PL2 and
PL3. The heterogeneity of the herb layer on
the remaining sites has an intermediate char-
acter.
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