
INTRODUCTION

The majority of permanent plot studies have been restricted
to one vegetation type, and either to study natural succes-
sion or to evaluate the impact of particular disturbances
(e.g. management type, fire event etc.) (Willems et al.,
1981; Bakker et al., 1996; Block et al., 2001; Smits et al.,

2002). Data on simultaneous monitoring of vegetation dy-
namics in several vegetation types is rare in the scientific
literature (Smits et al., 2002; Ozinga et al., 2007; Kuiters,
2013). However, such data can provide important insights
into the mechanisms of vegetation dynamics in relation to
vegetation structure and patterns.

Fluctuation is a process of continuous changes in the com-
munity and appears as a mosaic pattern (e.g. temporal
changes in dominant species) but not affecting the commu-
nity as a whole (there is no development from one to an-
other community). Succession is a process of vegetation de-
velopment in the course of time leading to change from one

to another community. They are directional changes, and
can be progressive or retrogressive succession leading to
more or less complicated vegetation (van der Maarel, 1988;
Laska, 2001). During succession new species enter a com-
munity and become dominant or diagnostic. In fluctuation
dominant species do not change and new species entering
community do not become diagnostic (Glenn-Lewin and van
der Maarel, 1992). The border between fluctuation and suc-
cession is arbitrary. Although usually natural succession is
observable in time periods not less than several decades
(Glenn-Lewin and van der Maarel, 1992; Kollmann and Ras-
mussen, 2012) non-forest vegetation can experience rapid
successional changes (Süss et al., 2010; Ketner-Oostra et

al., 2012), and forest vegetation can regenerate from natural
disturbances skipping one or more steps of succession
(Heinrichs et al., 2011).

Species turnover, species richness and vegetation structure
(in terms of change in dominant species and species compo-
sition) are the most frequently used parameters to highlight

PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 68 (2014), No. 1/2 (688/689), pp. 68–79.
DOI: 10.2478/prolas-2014-0006

TEMPORAL SPECIES TURNOVER AND PLANT COMMUNITY
CHANGES ACROSS DIFFERENT HABITATS IN THE LAKE
ENGURE NATURE PARK, LATVIA
Solvita Rûsiòa*#, Ìertrûde Gavrilova**, Ieva Roze**, and Viesturs Ðulcs**
* Faculty of Geography and Earth Sciences, University of Latvia, Raiòa bulv. 19, Rîga, LV-1568, LATVIA;
rusina@lu.lv

** Institute of Biology of the University of Latvia, Miera iela 3, Salaspils, LV-2169, LATVIA

# Corresponding author

Communicated by Viesturs Melecis

Simultaneous monitoring of vegetation dynamics in different ecosystems has been rarely con-
ducted but can provide important insights into mechanisms of vegetation dynamics in relation to
vegetation structure and patterns. We compared the herb layer dynamics, species turnover, and
species-time relationships across different habitats in a 12-year period in the ILTER monitoring
station of the Lake Engure Nature Park, Latvia. Temporal species turnover was defined as differ-
ence in species composition in a community between two times. Species-time relationships were
assessed using a sliding window approach. Species richness, cumulative species richness, and
diversity changed more in species-rich non-forest habitats than in forests. Species turnover was
highly different among habitats, and was not associated with the stability of habitats, as reported
from other studies. The species-time relationship of six habitats was much lower than that re-
ported in the literature. This could be explained by latitudinal gradients in species diversity and
temporal turnover. At higher latitudes both species diversity and turnover is lower, and the men-
tioned habitats represent typical boreal vegetation. Vegetation dynamics in acidic grassland, dune
slack, fen, and dune forest were interpreted as fluctuations. Vegetation changes in moist forest,
dry forest, and coastal grassland showed clear signs of succession (xerophytisation and over-
growing). Vegetation dynamics of the beach community exhibited features of both natural succes-
sion and anthropogenic fluctuation.

Key words: species-time relationship, succession, boreal forest, coastal vegetation, fen.

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



the succession process (Glenn-Lewin and van der Maarel,
1992; Grime, 2002). The majority of papers dealing with
species turnover focus on the spatial aspect (beta diversity)
of the phenomenon (see a review in Rosenzweig, 1995;
Gaston et al., 2007). Temporal species turnover has been
studied less but it is essential to understand the processes
and patterns of species distribution and dynamics. Temporal
species turnover can be reflected by species-time relation-
ships. It is documented that more diverse ecosystems are
more stable in time (Shurin, 2007). It depends on environ-
mental variability and ecosystem type, and in this respect,
the importance of long-term spatially comprehensive data
from a broad range of ecosystems has been stressed in re-
cent publications (Adler, 2004; White et al., 2006; Magur-
ran, 2007; 2010; Shurin, 2007; Magurran et al., 2010).

The aim of the present research was to determine the pat-
terns of vegetation development, species turnover and
species-time relationship across different habitats.

MATERIAL AND METHODS

Study site. In Latvia, simultaneous monitoring of several
vegetation types has been carried out in the ILTER monitor-
ing station of the Lake Engure Nature Park (Melecis, 2011).
This area, nationally protected since 1957, is located in
western Latvia and is a unique nature area at national scale
from the viewpoint of biodiversity (Vîksne, 1997; Auniòð et

al., 2000; Gavrilova and Baroniòa, 2000; Laime, 2000) and
physical geography (Eberhards and Saltupe, 2000). Lake
Engure is located in the western part of the Coastal Low-
land of Latvia and is separated from the Gulf of Riga by a
1.5- to 2-km wide dune strip. The climate is relatively mild
and moist in the region. The average temperature is +5.7 oC
(the coldest month is February — minus 3.9 oC, the warm-
est is July with +16.7 oC). The last spring frosts are usually
observed around May 23. The average annual precipitation
is 590 mm. The vegetation period extends for about 180
days (Kïaviòð et al., 2011).

The long history of protection has ensured the relatively un-
disturbed development of vegetation over the last 60 years
both in forest and non-forest habitats. The Nature Park (ter-
restrial part covers 128 km2) contains 856 vascular plant
species, which is by 220 more species than would be ex-
pected from the average number per 128 km2 according to
the species-area relationship for Latvia (Laiviòð and Gavri-
lova, 2009). The area is little affected by plant invasions,
most probably because large areas of natural and semi-
natural habitats remain (Gavrilova et al., 2011). Among ter-
restrial ecosystems the largest areas are covered with dry to
wet pine forests. Luxurious reed stands surround the lake,
and calcareous fens and wet grasslands occur from place to
place. Beach communities are common along the Riga Gulf
shore. In 1842, the canal connecting the lake and the Riga
Gulf was created. It led to overall lowering of the ground-
water table near the lake and creation of wetlands along the
shore (water receded for about 500 to 800 m). Until the first
half of the 20th century, agricultural activities in the area

were mainly mowing and grazing in wet grasslands and
even in the shallowest parts of the lake (Vîksne, 1997).
Since the 1970s, the grasslands were mostly abandoned due
to the nature protection paradigms at the time and a nega-
tive attitude of the Soviet government to private farming ac-
tivities.

Vegetation monitoring. In total, 14 monitoring stations
were established. The starting goal of the vegetation moni-
toring was to provide long-term vegetation data for entomo-
logical monitoring. Therefore, the selected location of each
station was based on the needs of entomological monitor-
ing. The aim was to cover the diversity of habitats of the
Nature Park (Melecis et al., 2000). Seven habitats were cho-
sen in the spit of land dividing the lake from the Gulf of
Riga, where the heterogeneous geomorphology (dune relief)
and lowering of the water level in the Engure Lake created
high vegetation diversity. Other stations were located on the
other side of the lake in the drained lake bottom zone where
a water body existed until 1840. For several reasons (e.g.
problems in reallocation of plots or difficult access) only
nine habitats were monitored each year and without inter-
ruption. Only data from those habitats were used in the
present analysis (Fig. 1). 25% of the total indigenous vascu-
lar plant species of the Nature Park (Gavrilova and Ba-
roniòa, 2000) were recorded in nine monitoring plots during
the 12 year period.
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Fig. 1. Location of vegetation monitoring stations in the Lake Engure Na-
ture Park. Stations used in the present study: 1 – acidic grassland, 2 – dune
slack, 3 – moist forest, 4 – dune forest, 5 – beach, 6 – coastal grassland, 7 –
fen, 8 – dry forest, 9 – mesic forest.



Vegetation monitoring was carried out from 1997 to 2008
in the last week of June and first half of July by the same re-
searchers in each of the sampling years. The size of a plot
was 4 m2 (2 × 2 m). Three pseudoreplicates were estab-
lished in each monitoring station with a distance of 3 m be-
tween each plot. Plots were located in homogeneous parts
of vegetation. All four corners were marked by wooden
sticks to locate the plot each year. In addition, the closest
large trees or other stable elements in the landscape were
marked to relocate a plot if the sticks were lost (which was
the case in several years in the beach habitat). Four sets of
plots were established in forest vegetation (one moist and
three dry-mesic pine forest sites, respectively), two plots
were monitored in rich calcareous fens (one of them in a
dune slack), one plot was established in a moist coastal
grassland, one in a beach habitat with perennial herb vege-
tation, and one in acidic poor grassland (Table 1). Vascular
plant species cover was estimated in percentages. Table 1

shows the assignment of monitoring site vegetation to the
class and the alliance of phytosociological classification
which was based on previous studies (Gavrilova et al.,
2011). Names of syntaxa follow the classification scheme of
European vegetation by Rodwell et al. (2003). Assignment
of monitoring sites to Natura 2000 habitat types defined in
European Council Directive 92/43/EEC of 21 May 1992 on
the conservation of natural habitats and of wild fauna and
flora was done using the Interpretation Manual of European
Union Habitats (Anonymous, 2007) and interpretation man-
ual of EU habitats in Latvia (Auniòð, 2010).

Data analysis. The sampling design did not allow direct
comparison among habitats as no replicates were available
for each habitat type. Analysis was done based on combined
plot data. In each monitoring site the average cover of each
species was calculated from three pseudoreplicates (each in
size of 4 m2) for each year. This means that each combined
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T a b l e 1

DESCRIPTION OF MONITORING SITES

Site
No.

Name used in text Geographical
coordinates

Habitat and plant community Dominant species
in herb layer

1. Acidic grassland N 57°17'17.7"
E 23°08'30.3"

Fresh acidic grassland on poor soil (forest glade). Koelerio-Corynephoretea,

Plantagini-Festucion*; Deschampsia flexuosa-Melampyrum pratense com.,
do not correspond to any Natura 2000 habitat type.

Deschampsia flexuosa,

Melampyrum pratense,

Anthoxanthum odoratum,

Carex arenaria, Agrostis

tenuis.

2. Dune slack N 57°17'13.9"
E 23°08'57.8"

Wet calcareous dune slack
Scheuchzerio-Caricetea fuscae, Caricion davallianae; Schoenus

ferrugineus-Phragmites australis com.
Natura 2000 habitat type 2190 Humid dune slacks.

Schoenus ferrugineus

3. Moist forest N 57°17'1.8"
E 23°09'01.9"

Moist pine forest in shallow dune slack
Vaccinio-Piceetea, Seslerio-Pineetum, Myrica gale-Pinus sylvestris com.
Natura 2000 habitat type 2190 Humid dune slacks.

Myrica gale, Molinia caerulea,

Equisetum variegatum,

Vaccinium myrtillus

4. Dune forest N 57°17'20.4"
E 23°09'13.2"

Dry pine forest on gray dune on acid soil
Vaccinio-Piceetea,

Dicrano-Pinion;

Carex arenaria-Pinus sylvestris com. Natura 2000 habitat type 2180 Wooded
dunes.

Herb cover sparse

5. Beach N 57°17'19.3"
E 23°09'51.3"

White dune on the beach overgrowing with perennial herbs
Ammophiletea, Ammophilion.

Elymus arenarius-Festuca arenaria com. Natura 2000 habitat type 2120
Shifting dunes along the shoreline with Ammophila arenaria (white dunes).

Elymus arenarius, Elytrigia

repens, Festuca arenaria.

6. Coastal grassland N 57°17'28.8"
E 23°08'04.7"

Moist coastal grassland
Molinio-Arrhenatheretea, Calthion; Anthoxanthum odoratum-Carex nigra

com. Natura 2000 habitat type 1630* Boreal Baltic coastal meadows.

Carex nigra, Anthoxanthum

odoratum, Ranunculus acris,

Hydrocotyle vulgaris,

Trifolium pratense, Potentilla

anserina.

7. Fen N 57°18'08.5"
E 23°03'14.5"

Calcareous fen
Scheuchzerio-Caricetea fuscae, Caricion davallianae;

Schoenus ferrugineus-Menyanthes trifoliata com. Natura 2000 habitat type
7230 Alkaline fens.

Myrica gale, Schoenus

ferrugineus, Phragmites aus-

tralis

Menyanthes trifoliata

8. Dry forest N 57°10'41.4"
E 23°13'16.5"

Dry pine forest on gray dune with neutral soil
Vaccinio-Piceetea,

Dicrano-Pinion;

Geranium sanguineum-Pinus sylvestris com. Natura 2000 habitat type 2180
Wooded dunes.

Geranium sanguineum, Festu-

ca ovina, Vaccinium

vitis-idaea, V. myrtillus,

Orthilia secunda

9. Mesic forest N 57°17'23.0"
E 23°09'41.3"

Mesic pine forest
Vaccinio-Piceetea,

Dicrano-Pinion;

Empetrum nigrum-Pinus sylvestris com. Natura 2000 habitat type 2180
Wooded dunes.

Vaccinium myrtillus, V.

vitis-idaea, Empetrum nigrum.



plot represented an area of 12 m2. Species diversity ex-
pressed as species richness and Shannon–Wiener diversity
index (Kent and Coker, 1994). S¸rensen similarity index
was used to calculate similarity between the first year with
each subsequent observation year.

Temporal species turnover was defined as a difference in
species composition between two records in time. We meas-
ured species turnover for each possible pair of 12 years as a
number of disappearances plus number of appearances di-
vided by total number of species per both compared years
(Milberg and Hansson, 1993; Pärtel and Zobel, 1995; Rus-
sell, 1998). The total species accumulation was determined
as the difference between species richness in the first year
of monitoring and cumulative species richness in the last
year (van der Maarel and Sykes, 1993). Spearman rank cor-
relation was used to correlate species diversity parameters
and time (years). Analyses were conducted using SPSS
11.5.

Species-time relationships (STR) were constructed using a
sliding window approach (White et al., 2006; White and
Gilchrist, 2007). Species richness was determined for every
possible window of each time span: 12-year window, 11-
year window, 10-year window etc. We averaged these val-
ues within each time span.

Then we used a power function to construct the species-
time relationship in the form S = cTw, where the constant c
is the observed species richness at one year time-scale, and
w is the slope of the STR.

The power function is recommended as more appropriate
than the logarithmic function for comparing different eco-
systems. This is because the power function suggests a con-
stant percentage increase in species richness with each mul-
tiplicative increase in time scale, but the logarithmic
function implies a constant absolute increase (see White et

al., 2006 for detailed comparison of power and logarithmic
function for STR).

As no replicates were available for each habitat type, we
could not use any tests to compare power function species-
time relationships. Nevertheless, the comparative analysis
of obtained species-time relationships provided insight into
specific patterns of species turnover in time. Also, we were
able to compare our results with other data, in the same way
as e.g. White et al., 2006 compared species-time relation-
ships among different habitats without using tests.

An indirect ordination method Detrended Correspondence
Analysis (McCune and Grace, 2002) was applied to study
the variation in species composition among years. The soft-
ware PcORD 5 was used (McCune and Mefford, 1999). The
square-root transformation of species cover percentages and
downweighting of rare species was applied. An after-the-
fact coefficient of determination was calculated to charac-
terize the quality of the data reduction, using the Euclidean
distance in the ordination space and the Relative Euclidean
distance in the original multidimensional space (McCune

and Grace, 2002). Environmental factors were passively
plotted based on Ellenberg indicator values, and values
were calculated (Ellenberg et al., 1992).

Nomenclature followed Gavrilova and Ðulcs (1999). We
used taxa from the same genus not determined to species
level in data analysis, but merged them into one taxon, e.g.
all specimens of the genus Agrostis were not determined to
species level, and thus species from different years were
merged into one taxon of Agrostis species.

RESULTS

Vegetation dynamics. Detrended Correspondence Analysis
was used to reveal the main ecological gradients underlying
the diversity of monitored habitats. Only the two first axes
were interpreted as they accounted for the most of the vari-
ance. The after-the-fact evaluation of the DCA-ordination
showed that 37% of the variance in the dataset was ex-
plained by axis 1, 18% by axis 2 and 10% by axis 3. Total
inertia was 4.85, gradient length for axis 1 was 6.8 SD, Axis
2 — 5.2 SD, Axis 3 — 2.9 SD). The most important eco-
logical gradient was moisture along the first axis and nutri-
ents along the second axis. Relevés of each habitat consis-
tently formed distinct clusters (Fig. 2).

As the habitats were strongly different, further analysis of
vegetation dynamics was carried out separately for each
habitat. Ordination of data from all years in DCA and pas-
sive correlation of Ellenberg indicator values and ordination
axes were used to reveal if there were directional changes in
vegetation (Tables 2 and 3; ordination diagrams not shown).
Results of the DCA ordination indicated that the strongest
changes in species composition occurred in the beach com-
munity. The gradient length of the first axis was 1.85,
meaning that at least a half of changes in species composi-
tion had taken place during 12 years (Table 2). Other habi-
tats had a gradient length from 0.75 to 1.28.
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Fig. 2. DCA ordination of monitoring sites (based on vegetation data, all
year observations were included).



Acidic grassland experienced little changes in species com-
position. Cover of dominant species (Deschampsia flexuosa

and Melampyrum pratense) fluctuated but no new species
did override them in cover. Species composition indicated a
change from dry and open grassland to denser and mesic
grassland (Tables 3, 4) (Silene nutans, Pilosella officina-

rum, and Veronica officinalis disappeared; cover of Poa

pratensis, Galium album, Trientalis europaea, Veronica

chamaedrys, Calamagrostis epigeios, and Lathyrus praten-

sis increased significantly).

The dune slack habitat changed quite strongly, although
dominant species (Schoenus ferrugineus, Phragmites aus-

tralis) cover did not much change. No species decreased
significantly but Equisetum variegatum and Polygala amar-

ella disappeared. Several species appeared in the course of
time or increased in cover – Liparis loeselii, Eleocharis

quinqueflora, Potentilla erecta, Cladium mariscus, and Mo-

linia caerulea. Moist pine forest dominated by Molinia

caerulea and Vaccinium myrtillus in the ground layer
changed in direction to a denser ground layer (high negative
correlation of the first axis with the light Ellenberg values)
and drier conditions ( decrease of several indicators of moist
habitats like Vaccinium uliginosum, Carex panicea, C. ni-

gra, Myrica gale, Lycopus europaeus, Equisetum variega-

tum and an increase in indicators of more mesic conditions,
e.g. Prunella vulgaris, Trifolium repens, Veronica officina-

lis). On the other hand, some mesic species decreased as
well (e.g. Pyrola rotundifolia, Ranunculus acris, and Briza

media).

Dune forest with pines contained only six species in the
ground layer (Calamagrostis epigeios, Festuca ovina, De-

schampsia flexuosa (dominant), Carex arenaria, Luzula pi-

losa, and Melampyrum pratense) and the changes were neg-
ligible.

Beach vegetation was the most dynamic both in terms of
species composition and dominant species. Three species
dominated in all 12 years (Festuca arenaria, Leymus are-

narius and Carex arenaria) and some species (Galium al-

bum, Calamagrostis epigeios, Sedum acre, Linaria vulgaris,

Elytrigia repens) increased in cover for one-two years and
afterwards decreased again or disappeared completely. El-
lenberg indicator values indicated soil acidification during
the study period.
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T a b l e 2

GRADIENT LENGTH AND IMPORTANCE OF FIRST TWO AXIS OF
DCA ORDINATION OF ALL YEARS OF OBSERVATIONS PER-
FORMED SEPARATELY FOR EACH HABITAT

Habitat Gradient
length for

Axis 1
(SD)*

Gradient
length for

Axis 2
(SD)

After-the-fact r2

for the Axis 1
and original
multidimen-

sional space**

After-the-fact r2

for the Axis 2
and original
multidimen-
sional space

Acidic grassland 0.97 0.73 0.28 0.17

Dune slack 1.28 0.88 0.59 0.02

Moist forest 0.98 0.88 0.78 0.05

Dune forest Lack of orthogonality

Beach 1.85 1.50 0.43 0.04

Coastal grassland 1.27 0.85 0.70 0.08

Fen 0.75 0.72 0.20 0.15

Dry forest 0.86 0.71 0.22 0.06

Mesic forest Lack of orthogonality

* gradient lengths expressed in standard deviation units;

** the importance of first two ordination axes evaluated by an af-
ter-the-fact coefficient of determination (r2), using the Euclidean distance
in the ordination space and the Relative Euclidean distance in the original
multidimensional space

T a b l e 3

ENVIRONMENTAL AND SPECIES DIVERSITY GRADIENTS OF THE DCA AXES 1 AND 2*

Habitat Year Species
number

Shannon
index

Light Temperature Moisture Reaction Nitrogen

DCA Axis 1

Acidic grassland 0.85 0.13 0.12 -0.59 -0.34 0.57 0.28 0.66

Dune slack -0.73 -0.34 -0.29 0.32 -0.48 -0.08 0.09 -0.05

Moist forest 0.94 0.38 0.12 -0.63 -0.21 -0.58 -0.26 0.11

Beach 0.42 -0.22 0.05 -0.03 -0.28 0.15 -0.64 0.20

Coastal grassland -0.88 -0.25 -0.49 0.62 -0.21 0.53 0.55 -0.40

Fen 0.73 0.11 0.64 0.26 0.21 0.05 0.21 -0.11

Dry forest 0.85 0.05 -0.14 0.17 0.30 0.08 -0.26 -0.11

DCA Axis 2

Acidic grassland 0.06 0.46 -0.30 -0.25 0.38 0.53 0.09 0.38

Dune slack 0.15 0.21 -0.05 0.20 0.22 -0.32 0.06 0.17

Moist forest 0.09 -0.10 -0.31 -0.05 0.55 -0.15 -0.14 -0.02

Beach 0.15 0.21 -0.05 0.20 0.22 -0.32 0.06 0.17

Coastal grassland -0.09 0.22 0.12 -0.19 -0.21 0.02 -0.24 -0.03

Fen -0.12 -0.14 -0.21 -0.26 0.02 -0.35 -0.15 0.50

Dry forest -0.12 -0.11 0.17 -0.17 -0.03 0.08 0.29 -0.20

* Axes, Spearman correlations with Ellenberg indicator values and species diversity indices. No correlations were available for dune forest and mesic forest
as DCA failed with these data.



Coastal grassland changed in direction to dryer conditions
and denser herb layer (Ellenberg values for moisture and
light decreased (Table 3)). Species diversity increased in the
course of time. A significant decrease in cover was ob-
served for Trifolium pratense, Galium palustre, Ranunculus

acris. Several low-growing species disappeared in four
years (Montia fontana, Juncus compressus, Carex panicea,

Juncus gerardii). Some species increased in cover for the
first three-four years and afterwards decreased again (e.g.
Hydrocotyle vulgaris, Carex nigra, Achillea millefolium,

Potentilla anserina). The hygrophytes Hydrocotyle vulgaris

and Carex nigra were dominants for the first nine years, but
they were replaced by the hygromesophyte Festuca arundi-

nacea, and the mesophyte Agrostis tenuis in the last three
years.

Fen habitat experienced fluctuations in some species abun-
dances from year to year (e.g. Menyanthes trifoliata fluctu-
ated from 1% to 17% in cover) but there were no strong en-
vironmental gradients associated with the course of time
(Table 3). There was a slight but significant decrease in
cover of the dominant species Schoenus ferrugineus, as well
as of Phragmites australis, Drosera anglica, and Angelica

sylvestris. Carex lasiocarpa increased in cover during time.
Several species disappeared (Drosera rotundifolia, Dacty-

lorhiza ochroleuca and D. incarnata, Carex nigra, Equise-

tum variegatum), but only few species immigrated (Carex

pulicaris, Polygala amarella, and Salix starkeana).

Dry forest experienced little change in species composition
and cover. Only Festuca ovina decreased significantly in
cover (from 12 to 1%). Other species were quite stable in-
cluding the dominants Vaccinium vitis-idaea, Fragaria

vesca, Orthilia secunda, Geranium sanguineum. Four spe-
cies immigrated (Pyrola minor, Stellaria graminea, Festuca

arenaria, and Deschampsia flexuosa), but six species disap-
peared (e.g. Antennaria dioica, Solidago virgaurea, Poa

pratensis, Campanula persicifolia). Ellenberg indicator val-
ues showed that the most important environmental gradients
in the ordination were moisture and soil reaction (Table 3).

The cumulative species richness of the mesic forest herb
layer was only ten species. Nevertheless, some strong

changes in species cover were observed. Vaccinium myrtil-

lus increased twice (from 37 to 67 %) but Empetrum nigrum

decreased from 35 to 5%. These changes as well as disap-
pearance of Pinus sylvestris seedlings from the herb layer
indicated decreased light conditions due to expansion of
Vaccinium.

Correlations of Ellenberg indicator values and species di-
versity parameters with time (Table 4) indicated that all
habitats with the exception of dry forest experienced envi-
ronmental changes. Light availability decreased in four
habitats, moisture decreased in three, and increased in one
habitat, acidification was indicated in two habitats, and
eutrophication of soil in one habitat. Species diversity pa-
rameters changed in all habitats but acidic grassland, moist
forest, and dry forest (Table 4).

To describe the intensity of vegetation changes over 12
years, S¸rensen dissimilarity index was calculated for 12
year observations and a mean index was obtained within
each habitat. The most dynamic habitat was the beach, and
the most stable habitat was the dune forest (Table 5). A
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T a b l e 4

CHANGES IN ENVIRONMENTAL FACTORS AND SPECIES DIVERSITY DURING THE OBSERVATION PERIOD*

Habitat Species number Shannon ndex Light Temperature Moisture Reaction Nitrogen

Acidic grassland -0.02 0.24 -0.82** -0.45 0.57 0.45 0.76

Dune slack 0.60 0.35 -0.43 0.51 -0.29 -0.07 0.11

Moist forest 0.47 0.26 -0.77 -0.37 -0.71 -0.29 0.17

Dune forest -0.36 -0.58 -0.35 0.60 -0.61 n 0.36

Beach -0.70 -0.07 0.39 -0.08 -0.46 -0.63 -0.17

Coastal grassland 0.41 0.67 -0.67 0.24 -0.74 -0.57 0.51

Fen 0.12 0.73 0.49 0.45 0.06 0.39 -0.25

Dry forest -0.13 -0.40 0.13 0.57 0.06 -0.43 0.01

Mesic forest -0.53 -0.61 -0.63 -0.82 0.78 -0.73 -0.41

* Spearman rank correlations of year and Ellenberg indicator values and species diversity parameters. ** Correlation is significant at the 0.05 level

T a b l e 5

VEGETATION DYNAMICS OF NINE HABITATS MONITORED

Habitat Spearman rank
correlation*

Mean S¸rensen
dissimilarity in
12 year period

Succession/
fluctuation

Acidic grassland 0.009 0.20 F

Dune slack -0.018 0.21 F

Moist forest -0.700** 0.18 S

Dune forest -0.382 0.09 F

Beach -0.809*** 0.33 S

Coastal grassland -0.882*** 0.22 S

Fen -0.664** 0.17 F

Dry forest -0.773*** 0.14 S

Mesic forest -0.909*** 0.13 S

* Spearman rank correlation was calculated for year and S¸rensen similar-
ity index between pairs of the first year and each subsequent year.

** Correlation is significant at the 0.05 level

*** Correlation is significant at the 0.01 level



comparison between the first observation year and each
subsequent year showed that some habitats changed sub-
stantially (Fig. 3).

Species diversity, turnover and species-time relation-

ship. Species richness in the herb layer differed considera-
bly among habitat types, ranging from 3 (dune forest) to 26
(coastal grassland) species per 4 m2 plot in 1997. Combined
plots (3 replicates of 2 × 2 m) contained more species rang-
ing from 6 (dune forest) to 40 (coastal grassland). Species
richness decreased significantly only on beach, but a signifi-
cant decrease in species diversity (Shannon-Wiener index)
was observed in dune forest and mesic forest. Species rich-
ness increased continuously in dune slack, fen, and coastal
grassland. Other habitats experienced fluctuations in species
richness and Shannon–Wiener diversity index (Table 6).

Cumulative species richness did not differ from the actual
species richness in mesic forest and dune forest because
only one new species appeared in these habitats during 12
years (Listera cordata and Pinus sylvestris, respectively).
Other habitats experienced considerable divergence be-
tween number of species in the first year and cumulative
species richness (total number of species in monitoring peri-
od), indicating that species immigration was intensive over
12 years (Table 7). The accumulation of species ranged
from 1 species in dune forest and mesic forest to 36 species
in coastal grassland. When expressed in percentages, cumu-
lative species richness increased from 11% in dune forest to
147% in beach. Moreover, species appearance was not ac-
companied by species loss in fen and moist forest in the
first three-four years, resulting in diversification of the herb
layer of these habitats.

The highest species turnover was observed in the beach
community, where it reached up to 70% (if compared the
first with the last year). Rather high species turnover (up to
50–60%) was observed also in moist and mesic forest, and
in both grassland habitats. Less dynamic species composi-
tion was found in dune slack, fen, dune forest and dry forest
— turnover reached only 40–50%. Acidic grassland, dune
slack and coastal grassland showed a similar course of spe-
cies turnover. The same was true for acidic grassland and
moist forest. Moist forest was similar also to fen, and dune
forest and mesic forest did not differ. The amplitude of turn-
over was low in moist forest and both grassland habitats. A
higher amplitude of change was observed in dune slack, fen
and dry forest where species turnover changed between 20
and 30%, but in beach and mesic forest, turnover in the
same time period for individual pairs differed between 0%
and 50% or even 68% (on beach) (Fig. 4).

Species-time relationships were quite different between
habitats (Fig. 5). The power function exponent ranged from
0.07 to 0.41. The steepest slope (z = 0.41) was observed on
beach, followed by coastal grassland and dune slack (0.23
and 0.22, respectively). A low slope was shown in mesic
and dune forest (0.07 and 0.08); other habitats were charac-
terised by exponents from 0.11 to 0.16.
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A

B

Fig. 3. Change in percentage similarity in floristic composition (S¸rensen
similarity index) between the first observation year (1997) and each subse-
quent year. A – habitats with expressed fluctuation in similarity of floristic
composition; B – habitats with a tendency to decrease in floristic similar-
ity.

T a b l e 6

SPECIES DIVERSITY CHANGES BETWEEN THE FIRST AND THE LAST YEAR AND DURING THE OBSERVATION PERIOD

Habitat name Mean number of
species per 4 m2 plot

1997/2008

Shannon-Wiener
index per 4 m2 plot

1997/2008

Number of species
per combined plot

1997/2008

Shannon-Wiener
index per combined

plot 1997/2008

Correlation of
species number per
combined plot and

year

Correlation of
Shannon-Wiener

index per combined
plot and year

Acidic grassland
Dune slack
Moist forest
Dune forest
Beach
Coastal grassland
Fen
Dry forest
Mesic forest

11.3/13.0
6.7/8.3

17.0/22.7
3.3/3.3

13.0/10.0
26.3/27.7
16.7/22.7
20.0/22.3
5.7/4.7

1.21/1.46
0.88/0.90
1.79/2.13
0.71/0.67
1.89/1.85
2.36/2.44
1.13/1.67
2.38/2.19
0.97/0.69

22/21
11/15
33/39
6/5

21/16
40/44
30/35
39/38
9/7

1.40/1.70
0.92/0.93
2.36/2.61
0.94/0.53
2.15/1.91
2.74/3.00
1.48/2.07
2.94/2.73
1.14/0.87

-0.02
0.60*
0.47
-0.36
-0.70*
0.41
0.12
-0.13
-0.53

0.24
0.35
0.26

-0.58*
-0.07
0.67*
0.73**
-0.40
-0.61*

* Spearman rank correlation is significant at the 0.05 level

** Spearman rank correlation orrelation is significant at the 0.01 level
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Table 7

SPECIES RICHNESS AND CUMULATIVE SPECIES RICHNESS IN MONITORED HABITATS

Year/
Habitat

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Accumu-
lation**

Acidic grassland 22* 21 19 19 17 22 19 20 18 19 22 21 8/36%

22 23 24 25 25 26 26 27 27 29 30 30

Dune slack 11 11 12 13 10 15 15 12 11 15 15 15 11/100%

11 13 14 15 15 17 19 19 19 21 22 22

Moist forest 33 33 38 38 34 33 36 35 34 37 37 39 19/57%

33 36 41 41 41 43 46 46 46 48 51 52

Dune forest 6 6 6 6 5 6 7 5 4 7 5 5 1/16%

6 6 6 6 6 6 7 7 7 7 7 7

Beach 21 24 21 19 21 30 16 18 18 17 19 16 31/147%

21 26 28 29 31 44 46 48 48 49 52 52

Coastal grassland 40 37 46 44 38 45 40 40 47 54 43 44 36/90%

40 46 54 55 57 63 66 68 69 74 75 76

Fen 30 29 36 38 36 39 35 38 38 33 34 35 18/60%

30 34 39 40 41 44 45 46 46 46 47 48

Dry forest 39 40 39 36 36 37 34 36 37 40 38 38 12/30%

39 44 45 45 45 46 46 48 49 51 51 51

Mesic forest 9 8 8 8 9 9 7 6 6 8 8 7 1/11%

9 9 9 9 9 9 9 9 10 10 10 10

* the first row is species richness and the second row is cumulative species richness

** accumulation is expressed as difference in cumulative species number of the last year and species number of the first year where the first figure is species
number and the second — accumulation of species in per cent

Fig. 4. Boxplots of amplitude in species turnover in the course of time for nine habitats monitored. Habitat type: 1 – acidic grassland, 2 – dune slack, 3 –
moist forest, 4 – dune forest, 5 – beach, 6 – coastal grassland, 7 – fen, 8 – dry forest, 9 – mesic forest.



DISCUSSION

Species diversity, temporal turnover and species-time

relationship. Species richness did not change significantly
in most habitats. This was an expected result for the 12 year
period bearing in mind that no observable disturbances oc-
curred in these habitats. Increase in species number in the
dune slack (from 11 to 15 species per combined plot) can be
explained by natural succession from sparse vegetation to
more closed vegetation as organic matter and nutrients ac-
cumulate and the edaphic environment becomes less ex-
treme. The age of the dune slack was about 130–160 years
(Eberhards and Saltupe, 2000). Such a succession is in ac-
cordance with other investigations (Grootjans et al., 1991;
Sýkora et al., 2004). Species richness decreased in the
beach community (from 21–24 to 16–18 species per com-
bined plot) in response to anthropogenic disturbances, such
as travelling by cars through the area, and natural processes
(herb layer damage in storms). Species composition also in-
dicated acidification of soil, a process documented in other
dune systems (Sival et al., 1997; Ketner-Oostra and Sykora,
2000; Sykora et al., 2004).

The Shannon–Wiener diversity index increased signifi-
cantly in coastal grassland and fen, and decreased in dune
and mesic forest. Neither increase nor decrease of the diver-
sity index was accompanied by significant changes in spe-
cies richness (although tendencies were the same). This
means that the main changing component of diversity was
evenness. It was expected that diversity will decrease in
coastal grassland and fen as the traditional management has
been ceased for several years. The normal course of succes-
sion in such conditions is overgrowing by shrubs with si-
multaneous decrease in vegetation diversity (Ellenberg,
1996). Ellenberg indicator values showed xerophytisation of
soil in both habitats, and encroachment of Cladium maris-

cus in fen, and mesophytic species like Agrostis tenuis and
Festuca pratensis were outcompeting hygrophytic ones
(e.g. Hydrocotyle vulgaris, Carex nigra) in grassland. The

diversification of the herb layer is probably temporary in
these habitats and species diversity may decline again in the
course of succession. Decrease of species diversity in dune
and mesic forest cannot be explained ecologically as too
few species formed the herb layer (in total only seven spe-
cies). Fluctuations of species diversity (not directional
changes) in dry and mesic pine forests have been observed
within the same period of time in western and central Latvia
(Laiviòð et al., 2007).

Species turnover is continuous, even in communities that
are not undergoing directional change. The total number of
species recorded at a given locality will rise with time (Pre-
ston, 1960; Magurran, 2007). Cumulative species richness
was quite similar to findings in other studies, and ranged
from 16% to 147% in different habitats. Van den Maarel
and Sykes (1993) reported that species number increased by
about 30% in 2 m2 in a six-year period in dry grassland.
Chytrý et al. (2001) observed cumulative species richness in
dry heathlands to increased by 170% from the initial
number of species in highly disturbed heathland and by
60% in undisturbed heathland in an eight-year period.
White et al. (2006) observed that species numbers almost
doubled during ten years compared with the single-year
species richness (similar tendency in different habitats and
taxonomic groups). Cumulative species richness was higher
in shallow soil (100%) than on deep soil (88%) in a dry
grassland in Poland during a four-year period (Baba, 2004).

Our results showed the same tendency as observed in the
above mentioned studies — cumulative species richness
was higher in dynamic habitats than in stable habitats.
Beach (the most disturbed habitat) had the highest cumula-
tive species richness followed by dune slack and coastal
grassland, which experienced rapid changes in habitat con-
ditions — overgrowing in grassland and overgrowing plus
changes in moisture regime in the slack. Among other habi-
tats, moist habitats had higher cumulative species richness
(accumulation was above 50%) than dry and mesic habitats
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Fig. 5. Power function of
species-time relationship in
nine habitats monitored.



(accumulation was below 40%). Nevertheless, it cannot be
concluded that moist habitats are more dynamic as vegeta-
tion composition showed changes in moisture regime (El-
lenberg value for moisture decreased) in both mesic and
moist habitats over 12 years, indicating successional
changes in the moisture regime at the Nature Park scale.
The data for the Lake Engure drainage basin show that for
the last ~80 years the increase of annual mean temperatures
indicated warming, and the water level in Lake Engure was
decreasing in the period from 1998 to 2006 (for about 40
cm) (Kïaviòð et al., 2011).

Greater accumulation of species in moist habitats indicated
that their vegetation reacted to changes in moisture regime
much faster than in dry and mesic habitats. Temporal spe-
cies turnover and species-time relationship results from lo-
cal colonisation and extinction of species governed by fluc-
tuations in environmental factors, dispersal limitation or
succession (White and Gilchrist, 2007).

High species turnover is observed mainly in dynamic situa-
tions — semi-natural vegetation or vegetation experiencing
regular disturbances, e.g., dune and beach vegetation (Mil-
berg and Hansson, 1993; van der Maarel and Sykes, 1993;
White et al., 2006). Climatic or edaphic climax vegetation
normally has lower species turnover (but can be rather high
at small scale (Pärtel and Zobel, 1995)), which increases
dramatically after severe disturbance, e.g. in burned heath-
lands (Chytrý et al., 2001). Ecosystems dominated by an-
nual growth forms and more plants with ruderal strategy
show higher species turnover than those with perennial
dominants and more stress-tolerators (Chytrý et al., 2001,
Krieger et al., 2003). On the other hand geophytes and
hemicryptophytes can persist in a plot only in root form
(thus not encountered as existent in species counts in certain
years) or can be short-lived and thus mobile (van der Maarel
and Sykes, 1993). Grassland vegetation can be with low
turnover if species dominating the vegetation are slow-
growing and stable, like tussock-forming Festuca species in
steppic grasslands (Baba, 2004).

We found that high species turnover was associated not
only with dynamic habitats but also with comparatively sta-
ble ones — moist forest, dune slack, and mesic forest. High
turnover of moist forest and dune slack can be explained by
changes in the environment which have led to successional
changes in vegetation. Due to low total species diversity,
the pattern observed in mesic forest may, however, be more
influenced by stochastic factors than in moist forest and
dune slack.

In general, species turnover amplitude (range of turnover in-
dex values in the same habitat over the same time span) de-
creased in all habitats with increasing time span, irrespec-
tive of habitat type. It was more than 20% in some habitats
for the 1–2 year period, but less than 10% in all habitats for
the 9–11 year period. This means that only with sufficiently
long temporal gradient the character of temporal turnover of
an ecosystem will appear. For example, the beach commu-
nity experienced a turnover from 25% to 68% in 1- to 2-

year period. Thus, the species mobility can be both very
high and rather low in this habitat in the same time span,
and we cannot predict the amplitude of change of this habi-
tat for short periods. However, for longer time periods (in
our case 9–11 years), the beach is a highly unstable habitat,
as species composition changed by about 60% in a 10-year
period. There are almost no data in the literature about the
amplitude of turnover across different time spans, and there-
fore it was not possible to compare if this finding reflects
the common pattern or is an exception. The data provided
by Russell (1998) indicates that in bird communities this
pattern can be inverted, or possibly the pattern depends on a
time span. The range of turnover index was narrower in
short time periods (1–5 years) and broader in longer time
periods (up to 80 years).

There is a negative relationship between species richness
and temporal turnover, i.e. the species-time relationship
(STR) is less steep in more diverse habitats (White et al.,

2006; Shurin, 2007). Our data supports this finding only
partly. The highest value of the STR exponent (0.41) was in
the environmentally most variable habitat — beach, which
had intermediate species richness, but the second highest
STR exponent was in coastal grassland — the most species
rich habitat. The most species poor habitats (mesic forest
and dune forest) had the lowest STR exponent (0.07 and
0.08).

Vegetation dynamics. The studied dabitats could be di-
vided into two categories according to the patterns in vege-
tation dynamics — fluctuation and succession. Vegetation
changes were assessed as fluctuations when changes were
chaotic, similarity among first and subsequent years was not
decreasing constantly, time was not an important gradient in
DCA ordination and year did not correlate with any envi-
ronmental factor, and also species turnover did not increase
over larger time periods when compared with shorter ones.
We classified vegetation dynamics as a succession when
changes led to ever lesser similarity between years (Table 5)
combined with high correlation of time (years) with
Ellenberg values or species diversity parameters and in-
creasing species turnover over time. Of course, if the moni-
toring was continued, successional changes can appear as a
fluctuation if longer time periods are considered.

Vegetation dynamics in acidic grassland, dune slack, fen,
and dune forest were interpreted as fluctuations. Species
turnover in acidic grassland was increasing within longer
time spans and vegetation changes indicated shifts in envi-
ronment (increasing moisture and decreasing light). On the
other hand, similarity between the first and subsequent
years did not decrease continuously (2007 was the most
similar to 1997). It seems that for about eight years vegeta-
tion changed directionally, but further on some environmen-
tal fluctuations reverted herb layer vegetation back to pre-
ceding conditions.

Regarding dune slack and fen, although species accumula-
tion was high (100%), other parameters did not show clear
successional changes. A large local species pool could be
responsible for high species accumulation (van der Maarel
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and Sykes, 1993; Krieger et al., 2003). The situation was
similar in calcareous fen vegetation, which is very common
in the Engure Nature Park, which contains a species rich
flora (Auniòð et al., 2000; Gavrilova and Baroniòa, 2000).

The species poor dune forest was stable with only small
fluctuations in the herb layer.

Vegetation changes in moist forest, dry forest, and coastal
grassland showed clear signs of succession. All parameters
of moist forest showed directional changes. Similarity de-
creased significantly and continuously, the first axis of
DCA ordination was closely correlated with time, and the
species composition indicated decreases in moisture and
light. Species turnover increased steadily and species accu-
mulation was rather high. This could be induced by warm-
ing during the last 80 years and a decrease of water level
starting from 1997 (Kïaviòð et al., 2011).

It is not clear what will be the final stage of dry forest suc-
cession if the observed changes will continue. Although
species composition changed continuously (similarity de-
creased steadily and DCA ordination showed correlation be-
tween time and species composition) no indication of shift
in environment could be detected by Ellenberg indicator
values. Species accumulation was low and turnover did not
rise with increasing time. It is supposed that the observed
changes disclosed intrinsic alteration of the herb layer com-
munity taking place during the ageing of the forest stand.

Coastal grassland is overgrowing and will turn into forest if
not disturbed. Temporal species turnover and other parame-
ters indicated that the grassland experienced a short flour-
ishing period (increase in species diversity after reduced
pressure of disturbances) after abandonment of mowing.

Vegetation dynamics of the beach community exhibited fea-
tures of both succession and fluctuation. Most parameters
were the highest in this habitat. Decreasing of similarity in
species composition was very pronounced, DCA ordination
revealed that the main explanatory variable of the change in
species composition was time, Ellenberg indicator values
indicated soil acidification, species accumulation was the
highest, and species-time relationship was the steepest.
Nevertheless, it was obvious that natural succession (vege-
tation development from sparse vegetation of white dunes
to denser vegetation resembling grey dunes) was overlaid
by anthropogenically induced fluctuations. Both processes
created a pattern showing that along with decreasing simi-
larity of vegetation, temporal turnover was variable.
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SUGU APRITE LAIKÂ UN AUGU SABIEDRÎBU DINAMIKA ENGURES EZERA DABAS PARKA BIOTOPOS

Veìetâcijas dinamikas izpçtç reti ir gadîjumi, kad monitoringu vienlaicîgi veic vairâkâs atðíirîgâs ekosistçmâs. Tomçr ðâda veida pçtîjumi
ïauj padziïinâti izprast veìetâcijas struktûras un pazîmju izmaiòu mehânismus. Ðajâ pçtîjumâ aplûkotas lakstaugu stâva izmaiòas, sugu
aprite un sugu skaita–laika attiecîba daþâdu biotopu griezumâ 12 gadu periodâ ILTER monitoringa stacijâ Engures ezera dabas parkâ. Sugu
aprite laikâ definçta kâ atðíirîba sugu sastâvâ starp diviem laika periodiem. Sugu skaita–laika attiecîba tika novçrtçta, izmantojot slîdoðo
logu pieeju. Detrendçtâ korespondentanalîze izmantota, lai noskaidrotu ikgadçjâs izmaiòas sugu sastâvâ. Sugu skaits un kumulatîvais skaits,
kâ arî daudzveidîba izteiktâk mainîjâs sugâm bagâtâkajos nemeþa biotopos, bet mazâk – meþa biotopos. Sugu aprite stipri atðíîrâs starp
biotopiem, un tâ nebija saistîta ar biotopu stabilitâti, kâ tas konstatçts citos lîdzîgos pçtîjumos. Sugu skaita–laika attiecîba seðos biotopos
bija stipri zemâka, nekâ minçts lîdz ðim publicçtos pçtîjumos. Tas varçtu bût skaidrojams ar kopçjo platuma grâdu sugu daudzveidîbas
gradientu, jo lîdzðinçjie pçtîjumi veikti galvenokârt zemajos platuma grâdos, bet ðajâ pçtîjumâ apskatîtie biotopi reprezentç boreâlo zonu.
Augstajos platuma grâdos gan sugu daudzveidîba, gan aprite ir zemâka nekâ zemajos platuma grâdos. Veìetâcijas dinamika nabadzîgâ
zâlâjâ skâbâ augsnç, starpkâpu ieplakâ, zâïu purvâ un kâpu meþâ interpretçjama kâ fluktuâcijas. Sausâ un mitrâ meþâ un piejûras zâlâjâ bija
novçrojamas veìetâcijas virzîtas izmaiòas jeb sukcesija (attiecîgi — kserofitizâcija, sugu sastâva nomaiòa un aizaugðana). Pludmales
veìetâcijas izmaiòâs konstatçtas gan dabiskas sukcesijas pazîmes (veìetâcijas saslçgðanâs), gan antropogçni izraisîtu fluktuâciju pazîmes.
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