
INTRODUCTION

Several land zones of different ages are found in the Lake
Engure catchment area (677 km2, 1% of the area of Latvia)
from coastal areas to inland areas, parallel to the sea coast.
They formed in the Northern Kursa Upland as a result of
the degradation of the last glacial cover, changes in differ-
ent developmental stages of the Baltic Ice Lake and the Bal-
tic Sea during the Holocene (Littorina, Limnea, and Mia
Sea stage), as well as the decrease of the water level in
Lake Engure 170 years ago (1841). As the result, a wide
drained zone of the lakebed around the lake was formed
(Buharts, 1935; Danilâns, 1995; Eberhards and Saltupe,
2000; Zelès and Markots, 2004; Laiviòð et al., 2012). Each
zone has a specific complex of natural features (geological
structure/composition, relief geneses, hydrological condi-
tions, vascular plant flora and plant communities), as well
as socioeconomic characteristics (territorial structure of
population distribution, composition of land use type and
landscape mosaic structure) (Strautnieks and Grîne, 2011;
2013; Kurpniece et al., 2013; Laiviòð et al., 2013; Pençze et
al., 2013; Rûsiòa et al., 2013).

Differences in the composition of plant species and plant
communities in various dry land zones are best observed in

the conservative structures of the geographical landscape —
the structure of forest stands and their mosaic distribution.
Near the sea coast in younger and hypsometrically lower
zones with shallower groundwater level there is a greater
area of forests growing in wet soils and drained wet soils,
which can be characterised as poor with nutrients
(46.5–56.2% of the total forest area). In the older highland
zone, there is a considerable proportion of forests with nor-
mal soil moisture and higher nutrient content (76.3%). Scots
pine is the dominant tree species in stands. The proportion
of pine trees is more than 55.0% in the accumulation zone
of different age stages of Baltic Sea, but in the older high-
land zone, pine stands occupy only 27.5% of the total forest
area (Medene, 2012; Laiviòs et al., 2013).

Oligomesic pine stands (Vacciniosa and Myrtillosa forest
types) were studied in regard to stand structure and pro-
cesses in land zones of various ages. These forest types
have the most sensitive reaction to impacts on environ-
mental processes, particularly on eutrophication processes
in nutrient poor forest stands (Laiviòð, 1998).

The research hypothesis is that pine forest vegetation of the
geologically older section of the drainage basin (the North-
ern Kursa Upland and Baltic Ice Lake zone) is older and
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Kursa Upland), while higher species diversity in the field layer (higher proportion of grasses and
sword grasses), more intensive gleying process in soils, as well as considerably higher stand pro-
ductivity was observed in the younger dry land zones (the drained lakebed, Mia, Limnea and
Littorina Sea stages). Characteristic species of the Vaccinio–Piceetea class were dominant in the
pine forests of older dry land zones, whereas species of the Pulsatillo–Pinetea class were typical
in the sea coastal pine forests.
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more stable in comparison to the geologically younger
zones (land zones of the Baltic Sea stages, drained lakebed
zone of Lake Engure), where unstable temporary plant com-
munities in the beginning phase of vegetation stabilisation
are common (Laiviòð et al., 2012). Coastal vegetation is
constantly dynamic due to the influence of various environ-
mental disturbances, in particular from the sea, which can
frequently be catastrophic.

The research aim is to determine the plant composition of
oligomesic pine stands in the Lake Engure catchment area,
as well as the physical and chemical soil properties and dif-
ferences in forest productivity in dry land zones of different
ages.

MATERIAL AND METHODS

Research sites. Six permanent plots were established for in-
vestigation of the structure and dynamics of oligomesic pine
forests in land zones of different ages of the Lake Engure
catchment area (Fig. 1, Table 1). The permanent plots were
distributed in a transect from the sea coast (Bçrzciems) to
the western border of the drainage basin (Vandzene). The
total length of the transect was 25 km.

Sediments of different Baltic Sea development stages (Mia,
Limnea, and Littorina Sea), sediments of the drained En-
gure lakebed, as well as the highest diversity of forest grow-
ing conditions (soil moisture, warmth conditions, plant nu-
trient content in soil) are situated in the narrow land zone
(2–3 km) between the sea and the Lake Engure. The borders
between the Littorina, Limnea and Mia Sea sediment zones
were not clearly delineated. They were defined based on
surface morphometric parameters and relief forms (Eber-
hards, 2003; Eberhards and Lapinskis, 2008). Two perma-

nent plots were selected to the west of Lake Engure. They
represented pine forests of the Baltic Ice Lake zone (near
Pïavas) and the zone of glaciofluvial sediments in Northern
Kursa Upland (near Vandzene).

The permanent plots in Scots pine forests were established
and the research was carried out in May and June 2012
(plots 3–6) and June and July 2013 (plots 1 and 2). The per-
manent plots were circular with a 15 m radius and area —
706.5 m2. All trees higher than 5 m were numbered. The
geographical coordinates (LKS-92 system) were established
by GPS, and distance of the plot from the sea by an
ArcView database.

Forest stand parameter inventory in experimental plots.

Stand characterisation was done according to several pa-
rameters: tree diameter at 1.3 m height, tree height, length

Fig. 1. Location of research area in
Latvia and locations of research plots
in the Lake Engure catchment area.

T a b l e 1

DESCRIPTION OF THE SCOTS PINE FOREST PERMANENT PLOTS
IN THE LAKE ENGURE CATCHMENT AREA

Plot Coordinates H, m
asl.

Distance
from sea

km

Dry land age zones

X Y

1 450088 6347595 1.8 0.14 Mia Sea zone, �300–400 year old

2 449665 6347802 3.9 0.35 Limnea Sea zone, �2000–3000
year old

3 449223 6347553 5.0 0.95 Littorina Sea zone, � 4000–8000
year old

4 448225 6348820 3.4 1.65 Drained lakebed, �170 year old

5 434001 6347584 20.3 16.00 Baltic Ice Lake zone, � 11 000
year old

6 428795 6354460 37.9 19.80 Northern Kursa Upland zone, �13
000 year old
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of the longest crown projection and its perpendicular axis,
as well as tree azimuth and distance from the plot centre.
Tree-ring width samples (wood cores) were taken from at
least 12 pine trees per plot with a Presler increment drill.
For tree-ring width measurement a LINTAB 4 measuring ta-
ble and TSAPWIN software was used. Stem width and
height was measured also for snags and lying deadwood.

Composition of vascular plant and moss species in each
pine stand where plots were located, was inventoried in five
20×20 m (400 m2) areas. One of them was located in the
circular plot area, but the others 25 m from the plot centre in
a north, east, south and west direction. All tree (E3), shrub
(E2), herb (E1) and moss (E0) layer species were recorded
and projective cover of each layer, as well as of each spe-
cies were evaluated visually (Dierschke 1994). Sociological
groups of plant species were separated based on research re-
sults in Latvia on sociological affinity of plant community
species (Rûsiòa and Piliksere, 2005; Rûsiòa, 2007; Laiviòð
et al., 2008; Áóø è Àáîëèíü, 1968). Nomenclature: vascu-
lar plants: G. Gavrilova, V. Ðulcs (1999), moss: A. Âboliòa
(2001), and lichens: A. Piterâns (2001).

A soil pit up to 1 m depth was dug in each permanent plot.
The soil genetic horizons were marked and their structure
and characteristics described according to FAO recommen-
dations and the most appropriate field research methods for
Latvia conditions (Kârkliòð, 2008). Soil samples were col-
lected from each soil horizon for physical and chemical
analysis. Colour was determined for wet and dry soil in the
laboratory using the Mansel colour scale.

Soil analysis. Soil acidity in 1 M KCl extract, hydrolytic
soil acidity in 1 M CH3COONa extract by Kapen’s method,
exchangeable bases in 0.1 M HCl extract by Kapen–Gilko-
vich’s method, organic C using an element analyser LECO
CR12, and total nitrogen (Ntot) by a modified Kjeldahl’s
method were determined in the Soil Research Centre of the
LSFRI „Silava”. The total organic matter content (coeffi-
cient 0.579) and C/N ratio were calculated. Base saturation
was estimated according to Skujâns and Meþals (1964) and
Vanmecheln et al. (1997)

Soil texture using a sedimentation and pipettation method
was estimated in the Soil Laboratory of the Faculty of Ge-
ography and Earth Sciences, University of Latvia. To deter-
mine the content of chemical elements (Ca, Fe, Mn, Ni, Zn,
Cu, Cd, and Pb), the soil samples were extracted with 1 M
HCl solution and analysed with an atomic absorption
spectrophotometer Analyst 200 (Riòíis and Ramane, 1989;
Ðèíüêèñ è äð., 1987). 1 M HCl extraction characterises not
only the amount of element currently available for the plant
uptake from the soil, but also indicates the amount of re-
serves of the element for the remaining vegetation season
(Osvalde, 1996).

Statistical analysis. To estimate the ecological conditions
of pine stands, Ellenberg indicator values were calculated
for the each vegetation relevé and plant community (Ellen-
berg et al., 1992). The plant community relevés were

grouped using the two-way indicator species analysis
TWINSPAN (Hill, 1979). Gradients in plant species com-
position, stand productivity and habitat factors were deter-
mined using detrended correspondence analysis (DCA)
(McCune and Grace 2002), and soil physical and chemical
parameter relationships by principal component analysis
(PCA) using PC-ORD Version 5 (McCune and Mefford,
1999). Statistical analysis (correlations, Student’s t-test,
etc.) of the research results was done using SPSS 14.0 and
Excel 2007. Annual growth increments, tree diameter and
height measurements in each research plot were used to cre-
ate and average model tree. Based on the average model
tree data the dynamics of pine stock volume (M) were retro-
spectively calculated according to I. Liepa’s (1996) algo-
rithm:

M H Di
a

i
H i� �� � �� 	lg )

M – stock volume; m3/ha.

Di – individual tree diameter, cm;

Hi – individual tree height, m;


; �; �; 	 – coefficients (for pine: 
 = 0.00016541; � =
0.56582; � = 0.25924; 	 = 1.59689).

RESULTS

Species composition of pine stands. The results revealed
that the oligomesic dry pine forests of the Lake Engure
catchment area were species poor — a total of 58 vascular
plant, epigeous moss and lichen species were observed in
30 relevés, or 15.6 species per relevé. Vaccinio-Piceetea
species of boreal forest classes were dominant both by
number and coverage (Table 2). In the tree layer a typical
edificator species was Pinus sylvestris. Low shrubs like
Vaccinium vitis idaea, V. myrtillus, Calluna vulgaris domi-
nated in the field layer. Common mosses were Pleurozium
schreberi, Hylocomium splendens, Dicranum polysetum,
and Ptilium cirsta-castrensis. Indicator species of boggy
forests (Ledum palustre and Vaccinium uliginosum) were
frequently observed in the field layer, which indicated ele-
vated moisture level in habitats and boreal conditions in the
dry pine forests of the drainage basin.

The most distinct and species rich pine stands (on average
19.4 species per relevé) were identified in the coastal zone.
Along with the boreal forest species, pine forest (Pulsatillo-
Pinetea) species of dry, warm and calciphilic habitats —
Chimaphila umbellata, Pyrola chlorantha, Dianthus
arenaria, and Thymus serpyllum — were also observed.
Such clustering of indicator species of xerophilous pine for-
ests occurred only in the narrow accumulation zone along
the seacoast.

Grouping of pine stands by species composition separated
four clusters (Fig. 2): 1) the richest pine forests by species
number in the coastal accumulative plain (the Mia Sea stage
sediments); 2) species poor (on average 12 species per
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relevé) pine forests in seaside dunes (the Limnea Sea zone
and eolic sediments); 3) pine forests of the Littorina Sea
sediment zone and drained lakebed; and 4) pine stand vege-
tation relevés of the Baltic Ice Lake and Northern Kursa
Upland. These plant communities reflected gradual changes
in the plant and growth conditions of the studied pine stands
from the sea coast to inland.

Phytosociological status of the pine forests and ecological
habitat potential was characterized by the proportion of so-
ciological groups of plant species in the pine stands of vari-
ous age stages of land zones. Thus, several sociological
groups were identified in the oligomesic pine forests of the
Lake Engure catchment area: Cladina gr. (Cladina
arbuscula, C. rangiferina); Vaccinium vitis-idaea gr.
(Vaccinium vitis-idaea, Calluna vulgaris, Melampyrum
pratense, Pleurozium schreberi, Ptilium cirsta-castrensis,
Dicranum polysetum); Vaccinium myrtillus gr. (Vaccinium
myrtillus, trientalis europaea, Luzula pilosa, Hylocomium
splendens); Oxalis acetosella gr. (Maianthemum bifolium,
Dryopteris carthusiana); Ledum palustre gr. (Ledum
palustre, Vaccinium uliginosum); Antoxanthum odoratum
gr. (Agrostis tenuis); Carex arenaria gr. (Carex arenaria,
Festuca ovina, Deschapmsia flexuosa); Chimaphila
umbellata gr. (Chimaphila umbellata, Thymus serphillum,
Dianthus arenaria, Pyrola chlorantha, Anthennaria dioica).
The relevance of each sociological group in the species
composition was characterised by a sum of species projec-
tive cover (Table 3).
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T a b l e 2

SPECIES FREQUENCY (%) IN PERMANENT PLOT (i) RELEVÉS
(ni = 5)

Permanent plot 1 2 3 4 5 6

Cover tree layer E3 (%) 35 39 50 72 70 60

Cover shrub layer E2 (%) 1 0 1 1 2 1

Cover herb layer E1 (%) 69 66 82 71 72 76

Cover moss layer E0) (%) 56 78 88 78 89 86

Number of species 19.4 12.0 16.4 14.0 18.2 13.6

Ch. Cl. Vaccinio-Pinetea All. Dicrano-Pinion

Pinus sylvestris 100 100 100 100 100 100

Vaccinium myrtillus 100 100 100 100 100 100

Vaccinium vitis-idaea 100 100 100 100 100 100

Melampyrum pratense 100 100 100 100 100 100

Pleurozium schreberi 100 100 100 100 100 100

Hylocomium splendens 100 100 100 100 100 100

Calluna vulgaris 100 80 100 40 100 100

Dicranum polysetum 20 80 60 100 100 100

Ptilium crista-castrensis 60 100 100 80 60 20

Deschampsia flexuosa 100 . 100 100 100 100

Trientalis europaea 100 . 60 40 . 60

Ch. Cl. Pulsatillo-Pinetea

Chimaphila umbellata 100 . . . . .

Pyrola chlorantha 100 . . . . .

Dianthus arenarius 40 . . . . .

Thymus serpyllum 40 . . . . .

Antennaria dioica 20 . . . . .

Accompanied species

Picea abies . . 60 . 100 80

Betula pendula . . 20 80 80 80

Sorbus aucuparia 80 . 20 20 20 .

Quercus robur . . . . 100 100

Aulacomnium palustre . 20 40 40 20 20

Ledum palustre . 40 40 20 . 20

Vaccinium uliginosum . 20 40 . 20 100

Empetrum nigrum 100 100 . . 40 .

Carex arenaria 80 60 60 . . .

Scleropodium purum 80 20 80 . . .

Luzula pilosa . . 80 100 20 .

Calamagrostis epigeios . . 20 . 40 20

Goodyera repens 80 20 . . . .

Juniperus communis 60 . . 80 . .

Festuca ovina 60 . . . 60 .

Dicranum scoparium . 60 . . 40 .

Dryopteris carthusiana . . 20 20 . .

Cladina rangiferina . . 20 . 80 .

Agrostis tenuis . . . 40 40 .

Hieracium umbellatum 80 . . . . .

Galium album 60 . . . . .

Frangula alnus . . 20 . . .

Maianthemum bifolim . . . 40 . .

Populus tremula . . . . 40 .

Cladina arbuscula . . . . 20 .

T a b l e 3

RELEVANCE INDICATORS OF SOCIOLOGICAL GROUPS OF
PLANT SPECIES (SQUARE ROOT TRANSFORMATION OF COVER)
IN THE LAKE ENGURE CATCHMENT AREA

Sociological species
group

Permanent plot

1 2 3 4 5 6

Cladina gr. 0.7 0.0 0.7 0.0 10.0 0.0

Vaccinium vitis-idaea gr. 14.5 22.8 19.2 19.9 22.2 19.8

Vaccinium myrtillus gr. 8.7 15.2 20.4 16.9 16.1 19.9

Oxalis acetosella gr. 0.0 0.0 1.0 1.2 0.0 0.0

Ledum palustre gr. 0.0 2.4 1.4 0.7 0.7 2.5

Anthoxanthum odoratum gr. 0.0 0.0 0.0 2.2 0.0 0.0

Carex arenaria gr. 14.5 1.4 5.9 9.7 7.1 4.5

Chimaphila umbellata gr. 5.3 0.0 0.0 0.0 0.0 0.0

Fig. 2. Vegetation relevé classification of pine forests in the Lake Engure
catchment area.



Stand composition and age. Stand structure was deter-
mined for middle aged and pre-mature stands of I and II site
index (Table 4). The oligomesic pine stands of the catch-
ment area had various ages as the difference between the
oldest and youngest tree in the permanent experimental
plots was larger than 20 years (except plot 2) and exceeded
the interval for one age class.

Currently, the most productive were pre-mature pine stands
of I site index in the Littorina Sea zone and the drained
lakebed (Table 5) — on average two times higher than
stock volume of II site index. It should be noted that natural

mortality was low as only 1–2 snags were counted in some
plots.

For each stand, the volume trend for a 50–100 year interval
was calculated based on regression equation parameters
(Fig. 3). The results revealed that the potentially most pro-
ductive stands at age 100 years (mature pine stand) occurred
in the drained lakebed pine stand (plot 4) — 705.7 m3. The
lowest volume at the age of 100 years was in the Mia Sea
zone (plot 1) — 339.1 m3/ha, the Baltic Ice Lake zone (plot
5)— 342.0 m3/ha, and the Northern Kursa Upland pine
stand (plot 6) — 347.9 m3/ha. Medium volumes in mature
pine stands were calculated for the Littorina Sea zone (plot
3) and the Limnea Sea sediment zone (plot 2) — 589.0
m3/ha and 463.3 m3/ha, respectively.

Soil. The studied soil profiles clearly had four genetic basic
horizons: O, E, B and C, but they were mainly mixed (EC,
CB etc), with gleying features and iron accumulation in
lower horizons (Fig. 4). The soils were not structured, fria-
ble or with low density/consistence. The average volume
density of the organic layer was �0.2 g/cm3, and of the min-
eral soil layer — �1.2 g/cm3.

Soil texture. The oligomesic dry forest soils had two main
particle fractions: medium and fine sand (Table 6). These
comprised more than 90% of the total fraction in the Engure
lakebed and the Limnea and Litorina Sea zone soils, but in
the Baltic Ice Lake and Northern Kursa Upland > 80%. Me-
dium sand (>50%) was the typical fraction for the forest
soils of the Limnea and Litorina Sea parallel dunes, as well
as the Northern Kursa Upland soils (Fig. 5). Soil of the
Northern Kursa Upland had a higher amount of fine sand,
silt and clay particles. The CBsg horizon also contained a
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Fig. 4. Soil profiles of the studied Scots pine forests in the Lake Engure
catchment area. (Study plots location in land zone: 1 – Mia Sea, 2 –
Limnea Sea, 3 – Litorina Sea, 4 – drained lakebed, 5 – Baltic Ice Lake, 6 –
Northern Kursa Upland).

Fig. 3. Pine stand productivity in the permanent plots in the Lake Engure
catchment area.

T a b l e 4

STAND AGE PARAMETERS OF THE STUDIED PINE FORESTS IN
THE LAKE ENGURE CATCHMENT AREA

Plot Number
of trees

Tree age Stand commercial
ageRange Average

1 12 74–101 91 Pre-mature

2 12 59–77 72 Middle-aged

3 12 66–110 95 Pre-mature

4 12 67–89 81 Pre-mature

5 12 59–93 86 Pre-mature

6 11 45–73 64 Middle-aged

T a b l e 5

STAND CHARACTERIZATION PARAMETERS* IN THE LAKE
ENGURE CATCHMENT AREA

Perma-
nent
plot

Status Species Number
of trees

DBH,
cm

H, m Site
index

G,
m2/ha

V,
m3/ha

1 Living Scots
pine

396 30.6 20.6 II 31.2 319.8

Snags Scots
pine

14 12.8 12.6 1.82 1.2

2 Living Scots
pine

722 23.6 19.4 II 33.4 318.9

Snags Scots
pine

28 13.0 11.9 0.62 3.99

3 Living Scots
pine

552 31.9 26.3 I 45.8 564.8

4 Living Scots
pine

481 33.0 26.3 I 44.1 552.7

Snags Scots
pine

14 13.4 16.4 0.19 1.61

5 Living Scots
pine

510 25.6 21.9 II 27.5 290.7

Living Norway
spruce

28 13.5 9.5 0.41 2.11

Living Silver
birch

14 18.0 18.8 0.36 3.26

6 Living Scots
pine

481 25.0 19.2 II 24.6 229.8

Snags Scots
pine

28 19.6 17.0 0.91 3.29

Living Norway
spruce

28 14.1 11.3 0.48 3.19

* DBH – diameter at breath height (1.3 m); H – tree height; site index – ac-
cording to Orlov; G – basal area; V – stem volume



coarse and very coarse sand fraction. These features had
higher informative value for differentiating horizons along
PCA axis 1. The second main component of PCA separated

soils with medium and fine sand as the main fraction. Fine
sand was typical for soils of the drained lakebed, Baltic Ice
Lake and sea coast accumulation zone. Therefore, the fine
(very fine sand, silt, clay) and coarse (very coarse and
coarse sand) fraction proportions in the soil genetic hori-
zons were mainly responsible for the differentiation of soil
profiles. Significant positive correlations were also detected
between coarse sand and medium sand; very coarse sand –
clay; very coarse sand – clay; very fine sand – silt; silt –
very coarse sand; very fine sand – very coarse sand; and
silt – clay (0.47 � r � 0.82 �0.05).

C and N. The results showed that the organic soil layer ac-
cumulated a considerable amount of organic carbon and
biologically inactive total nitrogen (Table 7). This soil layer
in the catchment area, especially in the older land zones,
consisted of moss of different degrees of decomposition. Its
proportion of the total litter mass was more than 80%. The
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Fig. 5. Soil profile ordination by soil texture of the genetic horizons. (Fac-
tors: Vc – very coarse sand, Co – coarse sand, Me – medium sand, Fi –
fine sand, Vf – very fine sand, Si – silt, Cl – clay. Plot: 1 – Mia Sea, 2 –
Limnea Sea, 3 – Litorina Sea, 4 – drained lakebed, 5 – Baltic Ice Lake, 6 –
Northern Kursa Upland).

T a b l e 7

CHEMICAL CHARACTERISTICS OF THE STUDIED SOILS IN RESEARCH PLOTS (n=6) IN THE LAKE ENGURE CATCHMENT AREA

Horizon pHKCl Hydrolytic
acidity,

mgekv/100g

Base
saturation, %

Corg, g/kg Ntot, g/kg Ca, mg/kg Fe, mg/kg Mn, mg/kg

O Mean 2.75 ± 0.12 109.82 ± 18.07 13.67 ± 2.33 413.52 ± 31.03 10.25 ± 0.94 2482.1 ± 419.9 337.5 ± 59.5 33.30 ± 16.10

Range 2.3 – 3.2 60.0 – 160.7 4 – 19 313.2 – 508.2 7.53 – 13.36 1299 – 4239 137 – 482 1.60 – 107.80

E Mean 3.82 ± 0.14a 2.32 ± 0.59a 12.83 ± 7.66a 5.28 ± 1.37a 0.17 ± 0.04a 31.28 ± 8.88a 155.8 ± 101.8a 0.37 ± 0.15a

Range 3.3 – 4.2 0.7 – 4.1 1 – 50 1.8 – 10.3 0.09 – 0.33 6.0 – 57.6 20 – 662 0.08 – 1.04

B Mean 4.62 ± 0.10b 1.72 ± 0.49a 5.33 ± 1.41a 3.82 ± 0.93a 0.12 ± 0.04a 43.17 ± 15.11a 572.2 ± 290.7b 1.10 ± 0.46a

Range 4.4 – 5.1 0.3 – 3.4 2 – 10 1.7 – 7.7 0.02 – 0.21 7.0 – 109.0 77 – 1729 0.30 – 2.79

C Mean 4.85 ± 0.16b 0.57 ± 0.10b 16.33 ± 3.33b 2.27 ± 0.61a 0.06 ± 0.01b 73.82 ± 23.93a 222.8 ± 129.6c 1.84 ± 0.82a

Range 4.5 – 5.4 0.3 – 1.0 6 – 29 1.1 – 5.1 0.02 – 0.10 26.0 – 186.5 45 – 857 0.30 – 4.90

n – number of analyzed soil samples; SE – standard error; means annotated with different letters were significantly different (t-test, P < 0.05) from the upper
mineral soil horizon.

T a b l e 6

SOIL TEXTURE CHARACTERISTICS (%) IN THE RESEARCH
PLOTS (n=6) IN THE LAKE ENGURE CATCHMENT AREA

Horizon,
depth, cm

Sand, mm Silt, mm Clay,
mm

2.0–1.0,
very

coarse

1.0–
0.63,

coarse

0.63–
0.20,

medium

0.20–
0.125,
fine

0.125–
0.063,
very
fine

0.063–
0.002

<0.002

Plot 1

EC 15–25 0.0 0.0 19.7 79.3 0.8 0.1 0.1

CBshg 40–50 0.0 0.0 46.1 53.5 0.2 0.1 0.1

Cg 70–80 0.0 0.1 58.4 41.3 1.0 0.1 0.0

Plot 2

Eg 20–30 0.1 5.0 87.7 6.5 0.3 0.3 0.1

Bsg 45–55 0.2 0.3 81.1 18.2 0.1 0.1 0.0

CBsh 80–90 0.0 2.3 92.7 4.8 0.1 0.1 0.0

Plot 3

E(h)g 15–20 0.2 3.4 81.6 14.0 0.6 0.1 0.1

Bsg 30–40 0.2 2.4 80.2 16.2 0.2 0.6 0.2

BCshg 70–80 0.2 2.0 83.0 13.0 0.8 0.8 0.2

Cg 90–100 0.0 0.2 67.0 32.2 0.2 0.2 0.2

Plot 4

ECg 10–20 0.0 0.2 45.6 52.2 1.4 0.5 0.1

BCg 35–45 0.2 0.2 41.0 55.2 1.4 1.2 0.8

Cg 80–90 0.0 0.0 50.2 49.0 0.6 0.1 0.1

Plot 5

E(H) 10–20 0.8 1.8 40.8 46.4 9.2 0.9 0.1

Bs 25–35 0.4 1.2 40.6 48.4 7.6 1.6 0.2

BCsg 50–60 1.0 1.0 8.4 74.0 15.0 0.5 0.1

CBgs 85–95 0.0 0.0 8.0 81.6 9.6 0.7 0.1

Plot 6

Es 15–25 0.2 0.6 64.0 19.0 9.8 3.8 2.6

Bs 25–35 0.2 0.4 70.6 15.2 8.4 4.6 0.6

Bsg 50–60 0.2 0.4 74.8 15.6 5.8 2.0 1.2

CBsg 90–100 2.2 3.2 47.8 24.8 13.5 6.4 2.1



organic soil layer from the younger land zones, as well as
from the pine stands of the coastal accumulation zone of
the Baltic Sea (plots 1, 4) contained higher proportions
(10–40%) of grasses and sword grasses, but lower content
of organic carbon and Ntot. Up to 10% of the total organic
soil layer mass consisted of living and dead roots, as well as
needle mass.

Soil acidity and base saturation. In general, the organic
soil layer of the oligomesic pine forests could be character-
ized as comparatively homogenous by the content of base
saturation and acidity (Table 7), but soil podsolisation pro-
cesses were observed in mineral horizons. Lower hydrolytic
acidity in the organic soil layer and mineral horizons was
mainly found in the younger dry land zones (plots 1, 4) in
comparison with the soils of the older dry land zones.

Fe and Mn. The results of Fe and Mn content showed a
higher content of Fe in the illuvial and parent horizon of the
Baltic Ice Lake and Northern Kursa Upland soils, where
gleying was less intensive and the main soil process was
podsolisation. In general, a higher content of Mn was found
in the organic soil layer and eluvial horizon of younger and
wetter soils of the drained lakebed and the sea coast accu-
mulation zone. The PCA of soil horizons revealed relatively
good differentiation of soil plots according to their land age
zone using results of Fe, Mn as well as soil acidity (Fig. 6).
A positive correlation was identified between Fe content
and very fine sand, and Fe and Mn content with silt and clay
particles (0.46 � r � 0.78 �0.05).

Microelements — heavy metals. In total, the highest con-
centrations of microelements or heavy metals were found in
the organic soil layer (Table 8). The detected average ele-
ment content in the soil mineral layers did not significantly
differ between the soil layers. The highest content of the
three studied heavy metals (Cd, Zn, and Cu) was found in
the organic soil layer of the pine stand in the Limnea Sea
zone (plot 2 located ~150 m from the Jûrmala–Kolka road),

and the maximum Pb and Ni content in plot 3 or the
Littorina Sea zone. There was a tendency for Pb content in
the soil mineral horizons to be higher in soils with a higher
content of organic matter, as well as with a higher propor-
tion of silt and clay (r = 0.64; r = 0.61; r = 0.70 ���, re-
spectively), e.g., in the Northern Kursa Upland and Baltic
Ice Lake. There was also a significant (�0.05) positive corre-
lation between Ni, Cu content and silt content in the mineral
soil samples (rNi = 0.64; rCu = 0.57), as well as Ni and very
fine sand (r = 0.47). The results revealed a close correlation
between the element content in the soil genetic horizons
(profile): 0.55 � r � 0.98, n = 27, �0.05.

DISCUSSION

Soil. The research results of the Lake Engure catchment
area revealed several tendencies and features of the soil and
plant characteristics of dry pine forests.

Forest litter accumulation on soils in forest stands occurs
every year. Decomposition and mineralisation intensity de-
pends on its composition, trophic level of the habitat, mois-
ture conditions, and other environmental factors. In boreal
pine forests the decomposition of organic matter occurs
slowly, and more humus is formed. In Latvia, it is 5–6 cm
thick in dry pine forests, but in periodically wetter oligo-
trophic pine forests with a higher proportion of Vaccinium
vitis–idea and accompanying species in the field layer, the
O horizon is 10–30 cm (Buðs, 1981). The average depth of
the organic soil layer of the oligotrophic pine forests in the
Lake Engure catchment area was in this range. In general,
the C/N ratio in the organic soil layer was larger than 25, in-
dicating the slow mineralization of organic matter and a low
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Fig. 6. Soil profile ordination by Fe, Mn content and acidity in B horizon.
(Factors: Hyd_ac – hydrolytic acidity, pH – soil reaction in 1 M KCl.
Plots: 1 – Mia sea, 2 – Limnea Sea, 3 – Littorina Sea, 4 – drained lakebed,
5 – Baltic Ice Lake, 6 – Northern Kursa Upland).

T a b l e 8

HEAVY METAL CONTENT (MG/KG) OF THE STUDIED SOILS IN
THE RESEARCH PLOTS (n=6) IN THE LAKE ENGURE CATCH-
MENT AREA

Horizon Pb Cd Zn Cu Ni

O Mean 18.44 ± 4.21 0.199 ±
0.050

24.34 ± 6.10 2.59 ± 0.33 1.11 ± 0.17

Range 3.20 – 28.16 0.11 –
0.44

15.59 –
54.65

1.89 – 4.12 0.50 – 1.63

E Mean 1.10 ± 0.27a 0.004 ±
0.001a

0.51 ± 0.09a 0.20 ± 0.03a 0.03 ± 0.01a

Range 0.59 – 2.37 0.002 –
0.009

0.20 – 0.80 0.11 – 0.25 0.02 – 0.04

B Mean 0.87 ± 0.20a 0.005 ±
0.002a

0.95 ± 0.40a 0.31 ± 0.07a 0.12 ± 0.06b

Range 0.46 – 1.57 0.002 –
0.010

0.36 – 2.93 0.09 – 0.50 0.02 – 0.40

C Mean 0.35 ± 0.15b 0.003 ±
0.001a

0.36 ± 0.08b 0.19 ± 0.05a 0.06 ± 0.03b

Range 0.11 – 1.07 0.002 –
0.006

0.14 – 0.70 0.10 – 0.39 0.02 – 0.22

n – number of analysed soil samples; SE – standard error; means annotated
with different letters were significantly different (t-test, P < 0.05) from the
upper mineral soil horizon.



biologically active N content (Äþøîôóð, 1970; Degorski,
1998; Lindross et al., 2011).

The oligomesic pine forests of the Lake Engure catchment
area, which are mainly located in the Piejûras (Maritime)
Lowland with higher groundwater levels, therefore with
higher habitat humidity, are ecosystem examples of more
southerly boreal forests. Gleying is a typical feature of bo-
real forest soils. It is affected by several factors: periodical
or stable, stagnant or flowing humidity oversaturation, fer-
mentation of organic matter, and anaerobic conditions,
which promote formation of specific microflora (Çåéäåëü-

ìàí, 2009). Development of gleying in the study plots
could be also promoted by the thick organic or litter layer
(in some plots up to 15 cm thick), which probably prevent
the soil from drying during summer. Gleying signs were
found in all soil profiles, but formation of a stable gley hori-
zon was not observed. Iron eluviation from the soil profile
was found, which is a typical feature of the gleying process
(Âûñîöêié, 1905; Zaidelman and Nikuforova, 1997), as
well as mechanical eluviation of fine particles (silt and clay)
or lessivage.

To determine the heavy metal or micronutrient status in the
Lake Engure catchment area, Pb, Cd, Cu, Ni and Zn con-
centrations in the soil samples were estimated. These ele-
ments are heavy metals which are mainly derived from hu-
man activities; therefore the concentration of these metals is
an indicator of the degree of environment pollution. In gen-
eral, the observed concentrations of Pb in our study could
be characterized as elevated in comparison with the regional
forest monitoring data for Vacciniosa and Myrtillosa, where
the concentration of Pb in incinerated O horizon samples
was around 4.4–5.1 mg/kg (Laiviòð et al., 1993). However,
these levels were lower compared to the average concentra-
tion of Pb in mineral soils of Latvia using 1 M HCl extract
(10–14 mg/kg) (Fiïipoviès, 1991; Upîtis and Riòíis, 1992).
The concentrations of Zn were generally of the same level,
but were higher in some plots than in those reported by
Peive and Ivanova (Ïåéâå è Èâàíîâà, 1956) in the forest
topsoil organic layer (up to 26.0 mg/kg, 1 M HCl extract),
and lower in mineral horizons in comparison to the sod
heavy podzolic soils with pH less than 5.0 – 2.6–11.0
mg/kg, as well as mineral soils in the Riga district: 1.5–41.0
mg/l (Riòíis and Ramane, 1989). The slightly increased Pb
and Zn content in the organic soil layer could be due to at-
mospheric deposition due to anthropogenic activities such
as combustion of fossil fuels, transport, which lead to the
emission of heavy metals and the accumulation of them in
ecosystems (Kabata-Pendias and Pendias, 2001; He et al.,
2005).

The obtained range of Cu concentrations in mineral hori-
zons corresponded well with the levels of Cu detected for
heavy podzolic agricultural soils (0.5–0.8 mg/kg) using 1 M
HCl extract (Peive, 1953), and for the sod podzolic sandy
soils (0.6–0.9 mg/kg) (Liepiòð, 1979), but lower compared
to mineral soils in the Riga and Ventspils districts (0.9–6.6
mg/l and 1.0–2.6 mg/l) using the same extract (Riòíis and
Ramane, 1989).

Cd and Ni concentration in the mineral horizons of pine for-
ests was lower in comparison with results using 1 M HCl
soil extract in mineral soil of Riga (Cekstere and Osvalde,
2013) and the roadside soils in Latvia (Osvalde, 1996). In
Latvia, according to Vucâns et al. (1999), Cd concentration
in mineral soil samples extracted in the aqua-regime, which
characterizes the pseudototal content of elements in the soil,
is about 0.07–0.71 mg/kg, but in digested samples of litter
layer in Vacciniosa and Myrtillosa forests – Cd 0.1 mg/kg,
Ni – 3.7–5.3 mg/kg (Laiviòð et al., 1993). However, it is
difficult to objectively compare these data with our find-
ings.

In general, the detected concentrations of five heavy metals
were 2–4 times lower compared with the findings of
Brûmelis et al. (2002) on total element concentrations in the
organic soil layer of pine forests in Latvia, mainly due to
methodological differences in laboratory analysis. The cor-
relations between the heavy metal concentrations in the
Lake Engure catchment area soil indicate a common source
of origin for these metals. The positive correlations between
the heavy metals in the Lake Engure catchment area corre-
sponded well with the correlations between Cu, Cd, Pb, and
Zn found in the O horizon of pine forests in Latvia
(Brûmelis et al., 2002).

Our results indicated that the concentration of microele-
ments or heavy metals in the sandy soil horizons of pine
stands depended significantly on the content of silt and clay
particles. Similar observations on the relationship of soil
texture with concentration of chemical elements have also
been found in other studies of forest (Gilucis, 2007;
Tçrauda, 2008; Kasparinskis, 2012; etc.) and agricultural
soils (Liepiòð, 1978) in Latvia.

The concentrations of elements in the organic forest layer
could be affected by natural factors, e.g., forest stands, bio-
logical cycling of elements, variable mixture of decaying
plant material, mixing with mineral horizons by soil inver-
tebrates, losses by leaching, soil pH, the moisture regime
and drainage, competition between elements for absorbtion
sites (Steinnes and Njastad, 1995; Brumelis et al., 2002;
Kasparinskis, 2012).

Generally, a slightly higher content of elements was found
in the illuvial B horizon, especially in the Northern Kursa
Upland and Baltic Ice Lake land zone, as well as in the indi-
vidual, more gleyic horizons of the drained lakebed, proba-
bly due to a longer period of soil formation. In general, soils
of pine stands growing near the sea had the lowest content
of microelements / heavy metals, as well as silt and clay
particles.

Pine stands species composition and environmental fac-

tors. The research results revealed that the narrow accumu-
lation coastal zone had a distinctive pine stand species com-
position with the Chimaphila umbellate group species —
Pyrola chlorantha, Chimaphila umbellate, Thymus serphyl-
lum, Dianthus arenaria. Additionally, often other xerofitic
pine forest indicator species (Geranium sanguineum, Pulsa-
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tilla pratensis, and Convallaria majalis) were found in
similar habitats outside the study plot. In comparison with
other pine stands, a considerably larger cover of Carex are-
naria group species, but a smaller cover of Vaccinium
vitis-idaea and Vaccinium myrtillus group species were
found in the accumulative coastal zone. Significantly, no
boreal indicator species such as from the Ledum palustre
group were found in the pine stands of the accumulative
coastal zone.

Analysis of environmental conditions using Ellenberg’s in-
dicator values showed that soil acidity was the distinguish-
ing factor, as well as habitats along the sea, which were
warmer and with higher penetration of light (Fig. 7).

Chimaphila umbellate group species are indicator species of
submeridional xerophilous pine forests (steppe pine forests)
(Oberdorfer, 1992; Wallnöfer, 1993; etc.). Xerophilous pine
forest community fragments are also found in temperate
zone habitats, which are warm and usually also contain car-
bonates (Meusel, 1952; Fukarek, 1961; Krausch, 1962;
Bj¸rndalen, 1985). Such habitats are common on esker or
ridge relief forms, in river valleys and sometimes also in
sandy sea coast forests.

Based on the high proportion of Chimaphila umbellata and
Carex arenaria group species in the coastal pine stand field
layer, as well as the overall environmental conditions (in-
creased Ca content in soil, higher continentality of local cli-
mate, as well as constant disturbance (accumulation of sand
and wind erosion), in our opinion, the pine stand communi-

ties of the sea sandy coastal zone could be classified as
vegetation units of submeridional xerophilous pine forest
classes Pulsatillo–Pinetea.

In comparison with the pine stands of the drainage basin in-
land, where low shrub species (Vaccinium, Ledum etc.) are
dominant in the field layer and belong to the Vaccinio–Pi-
ceetea plant community class, the existence period of xe-
rophilous pine stands is considerably shorter. Pine as the
dominant species in the coastal zone pine stands can proba-
bly exist for several generations (pine trees in young growth
in canopy gaps, as well as trees of various ages in stands),
thereby maintaining constant species composition for hun-
dreds of years. As the intensity of sea coastal processes
(wind and wave acitivities) and carbonate leaching from
soil decreases, low shrubs like Vaccinium vitis-idaea, Vac-
cinium myrtillus and Calluna vulgaris can assume the domi-
nant role in the field layer, and the xerophilous pine stands
could transform into boreo-atlantic pine forest communities.

It was typical that Picea abies was not found in the pine
stands of younger dry land stages — the drained lakebed
and Mia and Limnea Sea dryland zone stands. Young
spruce were found in the pine stands of the Littorina Sea
dryland zone, but in the oligomesic pine stands of the Baltic
Ice Lake zone and Northern Kursa Upland spruce was
found at the height of the tree layer. It was also typical that
in the older dry land zones Betula pendula and Quercus ro-
bur were also observed in the sapling layer and in admix-
ture with pine trees. The forest cadastre data also indicate
diversification of stand species composition in the Lake En-
gure catchment area with the distance from the sea (Laiviòð
et al., 2013).

Higher proportions of grasses and sword grasses in the field
layer of the pine stands of the drained lakebed and sea
coastal area were associated with the comparatively low
forest age, and reflected expansion of sword grasses
(graminification process) due to nitrogen deposition in the
ecosystem (Kuhn et al. 1987; Falkengren-Gerup, 1989;
Tamm, 1991; Laiviòð, 1998; van Dobben et al. 1999;
Laiviòð et al.; 2007; Remke et al.; 2009; Nielsen et al.
2011).

Productivity of pine stands. The results showed that there
were remarkable differences in both the actual and the po-
tential productivity of the oligomesic pine stands of the dry
land age zones of the Lake Engure catchment area. Differ-
ences in the current stock volume can be explained by dif-
ference in stand age (the largest difference between average
stand age in plots was 30 years). Currently, pre-mature pine
stands in the drained lakebed and Littorina Sea accumula-
tion zone were the most productive. Also at 100 years of
age, the predicted stock volume of stands in these zones is
600–700 m3/ha. This is in good agreement with the volume
of highly productive pine stands in Western Latvia at a ma-
ture stand age (Zâlîtis and Jansons, 2009). Calculating the
prospective stock volume at an age of 100 years based on
the retrospective accumulation of stock volume in stands,
which relatively objectively estimates productivity, the dif-

88 Proc. Latvian Acad. Sci., Section B, Vol. 68 (2014), No. 1/2.

Fig. 7. Plant species sociological group ordination by DCA. (Plots: 1 – Mia
Sea, 2 – Limnea Sea, 3 – Littorina Sea, 4 – drained lakebed, 5 – Baltic Ice
Lake, 6 – Northern Kursa Upland. Sociological groups: Cla_gr. – Cladina,
Vac_gr. – Vaccinium vitis-idaea, Myr_gr. – Vaccinium myrtillus,
Oxa_gr. – Oxalis acetosella, Led_gr. – Ledum palustris, Ant_gr. –
Antoxanthum odoratum, Car_gr. – Carex arenaria, Chi_gr. – Chimaphila
umbellatu. Ellenberg’s factors: G – light, T – temperature, K –
continentality, M – moisture, R – reaction, S – nitrogen.



ferences in stand stock volume still exist. This means that

environmental factors and especially local habitat factors,

both biotic and abiotic, have important roles in the produc-

tivity of pine forests. According to a study of pine forests

near Lake Engure by Dauðkane and Elferts (2011), yearly

and growing period precipitation, and yearly and dormant-

period temperature have a positive influence on Scots pine

growth on dry, well-drained, podzolic sandy soils, corre-

sponding to the Vacciniosa site type.

Therefore, the relationships between the stand parameters in

the plot area (tree number, average diameter of stem, aver-

age height, stand basal area, potential stock volume at age

100 years) and texture of mineral topsoil (50 cm depth, E

and B horizons), as well as the plant sociological group pro-

portion in the field layer, composition of organic soil layer

and Ellenberg’s indicator values were studied using DCA

methods. As was expected, the pine stands were divided

into two groups according to stand parameters and potential

stock volume: more productive pine stands of the drained

lakebed and Littorina Sea (sea coastal pine stands were also

similar to this group in the ordination space) and less pro-

ductive pine stands of the Limnea Sea, Baltic Ice Lake and

Northern Kursa Upland. Stem diameter and tree height were

the most significant distinguishing parameters: Kendal’s

correlation coefficient of the first axis with stem diameter

was 0.867 and with tree height — 0.600.

Ordination of the stand parameters by soil texture parame-

ters revealed that more productive stands were positively

associated with fine sand proportion, and less productive

stands with medium, coarse and very coarse sand (Fig. 8A).

In comparison with coarse and very coarse sand, fine sand

adsorbs a higher amount of plant nutrients which influences

tree productivity.

Field layer species (in this case — plant sociological

groups) and organic soil layer composition are important in-

dicators of habitat fertility. The more productive drained

lakebed and Littorina Sea zone stands had a higher amount

of grass, sword grass, as well as proportion of mesophytic

herbs. Whereas low shrubs of poor boreoatlantic sandy pine

forests were edificator species of less productive inland

pine stands, as well as the Limnea Sea dune zone field layer

(Fig. 8B). The litter layer of more productive pine stands

had a higher amount of grass fraction and biologically ac-

tive nitrogen, while the litter layer of less productive stands

had moss and low shrub roots, and increased humus forma-

tion was observed (Fig. 8C, D). Probably, a small amount

of grass admixture in the field layer can promote minerali-

zation of organic matter and eutrophication processes in

topsoil, which can facilitate pine growth.

In general, the structure of pine stands of the Lake Engure

catchment area is not strongly determined by the dry land

age zones, and varies due to impact of local habitat condi-

tions and disturbances. However, some distinctive features

of pine stands in the Bçrzciems–Vandzene transect, which

crossed six dry land zones formed in different periods of the

Holocene, should be noted:
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A B

C D

Fig. 8. Ordination of plots according to stand parameters with DCA. (Plots: 1 – Mia Sea, 2 – Limnea Sea, 3 – Littorina Sea, 4 – drained lakebed, 5 – Baltic

Ice Lake, 6 – Northern Kursa Upland. A: Soil texture classes: Fi – fine sand, Me – medium sand, Co – coarse sand, Vc – very coarse sand, Vf – very fine

sand. B: Plant species sociological groups: Ant_gr. – Antoxanthum odoratum group, Car_gr. – Carex arenaria group, Chi_gr. – Chimaphila umbellata group,

Oxa_gr. – Oxalis acetosella group, Led_gr. – Ledum palustre group, Vac_gr. – Vaccinium vitis-idaea group. C: Litter composition: grasses, moss, roots.

D: Ellenberg’s indicator values: L – light, T – temperature, K – continentality, F – moisture, R – reaction, N – nitrogen.



(i) Pine stands of the sea coastal zone (Mia Sea dry land
zone), which have formed over a period of several hundreds
of years under continuous accumulation of sea sediment and
strong wind effect, differed by species composition from the
forests in the older inland zones and belonged to the subme-
ridional xerophilous pine forest Pulsatillo–Pinetea commu-
nity class. Xerophilous coastal pine stands are pioneer com-
munities of boreoatlantic conifer forest (Vaccinio–Piceetea)
in context of stand development in the longer period (hun-
dreds and thousands of years).

(ii) Grasses and sword grasses were typical in the pine stand
field layer of younger dry land zones (the drained lakebed
and Mia Sea zone). The role of low shrubs in the field layer
will increase due to pine remaining as the dominant species
over a longer period and habitat stabilisation.

(iii) Soils of the dry oligomesic pine stands of the Lake En-
gure catchment area typically had gleying features in soil
genetic horizons, and active iron and manganese leaching
from the soil profile. Signs of podsolisation (ortsand hori-
zon) were only clearly distinguishable in the soil profile
morphology of older dry land zones (Baltic Ice Lake and
Northern Kursa Upland).

(iv) The most productive pine stands were located in the
youngest dry land zone — the drained lakebed zone, where
currently, obviously, the first generation pine forest had de-
veloped. Pine stands with lower productivity occurred in
older zones — the Baltic Ice Lake sediment zone and
Northern Kursa Upland, where the forests had probably
been present for thousands of years. It is significant that
pine stands with a higher amount of stock volume were
poorer with species in the field layer and only one species
(pine) formed the tree layer. The stands with lower stock
volume had a higher number of species in the field layer,
and there was admixture of other species with pine in the
tree layer.

Mutual interaction of natural, social and human processes in
the dry land zones of different age are basic spatial struc-
tures of a conceptual model for investigation of socioeco-
logical processes in the Lake Engure ecoregion (Melecis,
2011; Melecis and Kïaviòð, 2013; Leitis, 2013). The
socioecological research materials and theoretical ap-
proaches utilised in this study of the Lake Engure catchment
area could be expanded to a wider geographical region –
Kurzeme — as the natural and social conditions and devel-
opment of dry land age zones of the Lake Engure ecoregion,
reflect the environmental history of Western Latvia in the
Holocene in general.
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OLIGOMEZOTROFO PRIEÞU MEÞU STRUKTÛRA UN DINAMIKA ENGURES EZERA SATECES BASEINA SAUSZEMES
ZONÂS

Engures ezera sateces baseina seðâs sauszemes vecuma zonâs (nosusinâtâs ezerdobes, Mia, Limnejas, Litorînas jûras, Baltijas ledus ezera un
Ziemeïkursas augstienes glaciofluviâlo nogulumu zona) pçtîts oligomezotrofo sauso prieþu meþu (Vacciniosa un Myrtillosa) sugu sastâvs,
augsnes fizikâlâs un íîmiskâs îpaðîbas, kâ arî meþu produktivitâte. Vecâkâs sauszemes vecuma zonâs (Baltijas ledus ezera nogulumi,
Ziemeïkursas augstiene) ir lielâka sugu daþâdîba koku stâvâ un augsnçm izteiktâks podzolçðanâs process, savukârt jaunâkâs sauszemes
vecuma zonâs (nosusinâtâ ezerdobe, Mia, Limnejas un Litorînas jûras stadijas) ir lielâka sugu daþâdîba zemsedzç (lielâks graudzâïu un
grîðïu îpatsvars), augsnçm raksturîgs izteiktâks glejoðanâs process, kâ arî ievçrojami augstâka kokaudzes produktivitâte. Vecâko sauszemes
zonu prieþu meþos dominç klases Vaccinio–Piceetea rakstursugas, turpretim jûras piekrastes prieþu meþiem (Mia nogulumu zona)
raksturîgas klases Pulsatillo–Pinetea sugas.
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