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Coverage and depth limit of macrophytes
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Abstract. The aim of the study was to clarify the applicability of total coverage percentage of
macrophytes and depth limit of submerged plants for the quality estimations of Estonian lakes.
Total coverage does not seem to be correlative with lake quality. The depth limit of submerged
plants appears to be a better characteristic of the state of small lakes, and is relatively well correlated
with water transparency, less with chlorophyll @ content. In large L. Peipsi the mean of macrophyte
depth limit would be a better characteristic than single maximum values.
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INTRODUCTION

In recent years, numerous European hydrobiologists have been involved in the
elaboration of criteria for the classification of the quality of water bodies. The
need for such criteria proceeds from the European Water Framework Directive
(Directive 2000/60/EC) aiming to improve the state of the lakes and rivers. The
fundamental idea of the reference or natural state of different types of water bodies,
and of the degradation of this state caused by human impacts, serves as a basis for
quality estimations. Besides abiotic characteristics, much attention has been given
to different groups of biota, among them macrophytes. Attempts to develop
scientific argumentation for making decisions about the “good”, “moderate”,
or some other state of a water body may generate scepticism, due to the anthropo-
centric point of view, as well as numerous difficulties with the interpretation of
data. Some of these, related to lakes, are:
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Simplified typology. Variability in geological conditions, climate, lake morpho-
metry, water balance, historical background, and other individual features
complicate division of lakes of larger regions, e.g. lowland lakes of Central
Europe, into a small number of types. Consequently, the limits between quality
classes may be vague or, on the contrary, too rigid.

Indicative value of species. A species may have more or less different habitat
preferences in different regions. This circumstance and regional differences in
the management of landscapes may lead to different expert opinions.
Reference conditions. Absolutely natural conditions do not exist. Selection of
reference lakes, based on a sparsely inhabited and weakly polluted catchment
area, reflects a present situation but not events that have taken place in the
past, e.g. earlier flax retting in the lake.

Different combinations of human impacts and natural processes. Natural annual
differences in the occurrence of several macrophyte taxa and their abundance,
as well as in the values of other hydrobiological characteristics may exceed
the limits between quality classes. Midsummer chlorophyll @ (Chla) content in
surface water, as measured in the framework of the state monitoring of small
Estonian lakes, serves as an example (Databases of the Centre for Limnology)
(Fig. 1).

The need for simple, universal criteria contrasts with the multifaceted real

world. Moreover, macrophyte databases of different countries contain hetero-
geneous material.
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Fig. 1. Inter-annual differences of the Chla content in surface water in three soft-water (LCB3)
lakes in midsummer. The boundaries between lake quality classes (proposed for Estonia by 1. Ott)
are shown. Classes: REF — reference; H — high; G — good; M — moderate.
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The aim of the present study was to clarify the applicability of two characteristics
of macrophyte vegetation — total coverage percentage of macrophytes and depth
limit of submerged plants (Phillips, 2006; Portelje, 2006) — for grouping and quality
estimation of Estonian lakes. Considering the above-described difficulties, use of
relatively homogeneous Estonian databases and a better knowledge of the situation
would be the preconditions for a success in the classification of Estonian lakes.
Analysis of species composition requires special research in the future. Data for
large lakes can be observed as “case studies” due to specific size-dependent factors
such as mechanical stress and very large size of the catchment area, which probably
cause different expressions of human impact. However, some characteristics may
be common for the classification of small and large lakes.

MATERIAL AND METHODS

In 2006 the Estonian database of small lakes (belongs to the Centre for Limno-
logy at the Institute of Agricultural and Environmental Sciences of the Estonian
University of Life Sciences) contained 1192 descriptions of the macrophyte
composition from 472 water bodies, mainly lakes, but included also data on some
isolated coastal lagoons and man-made reservoirs. About 80% of these descriptions
were more or less complete, i.e., the whole lake had been circled by boat.
Altogether 167 estimations of macrophyte coverage from 145 water bodies, 241
depth limit measurements for submerged plants, 170 measurements for floating-
leaved plants, and 93 measurements for emergent plants from 146 water bodies
were available. These numbers derive from the data of 352 lake-years (Appendix 1).
Parallel measurements of depth limit and Chla concentration have been made
in 51 cases. Depth limits for submerged plants were measured by a plant hook
supplied with a graded rope or stock. The coverage of macrophytes was calculated
or estimated using bathymetric maps compiled by several investigators (mainly
Riikoja, 1940; Maemets, 1968; personal data by T. Kallejarv), vegetation schemes
combined with shoreline length data, and growth depth and belt width measure-
ments. The coverage here means the percentage of lake area occupied by macro-
phytes, not the percentage of the potential growth area (cf. Valta-Hulkkonen et al.,
2005). Because of the frequent overlapping of the belts of different ecological
groups, as well as for technical reasons, the percentage of coverage comprises all
vegetation groups: emergent, floating, floating-leaved, and submerged plants. Due
to varying density of stands and the absence of bathymetric data for a number of
the smallest lakes, the coverage estimations are quite rough. Rare, scattered shoots
were not taken into account. Composition data cover the last 100 years, but the
data of coverage and growth depth cover mainly the last 50 years. Most of the
macrophyte data were collected by H. Riikoja (1925-1937), H. Tuvikene (1951—
1958), A. Miemets (1961-1995), and H. Miemets (since 1996) with the assistance
of R. Laugaste, L. Freiberg, and K. Palmik.
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All available data were analysed to establish a general division of small lakes
on the basis of the coverage of vegetation and the growth depth limit of sub-
merged plants. For part of the lakes only depth data are presented, for others
also coverage data are provided. Types for the studied lakes are combined
from the typologies for lowland lakes of Central Europe and Baltic countries
(http://forum.europa.eu.int/Members/jrc/jrc/jrc_eewai/library) — LCB1-LCB3 —
and Estonian typology (Miemets, 1974; Ott & Kdiv, 1999; Noges & Ott, 2003).
They are the following: LCB1 — shallow (mean depth 3—15 m) hard-water lakes;
LCB2 - very shallow (mean depth <3 m) hard-water lakes, and LCB3 — shallow
(mean depth <15 m) siliceous Lobelia lakes. The LCB3 group here includes also
several lakes that lost characteristic species during the last 70 years. “Hard water”
means that HCO5~ concentration in the surface layer water is over 80 mg L.
Owing to the high diversity of Estonian lakes, some additional types should be
taken into account: soft-water mixotrophic (SMX) and dystrophic lakes (D), coastal
(halotrophic) lakes (H), and alkalitrophic (HCO5 > 240 mg L") lakes (A). The
data for the lakes of unclear type and for reservoirs were joined into the Varia (X)
group. As in our opinion stratification is more indicative than mean depth, LCB1
lakes were selected on the basis of stratification, which occurs mostly in deeper
lakes but in some cases also in lakes with a mean depth of almost 3 m. On the
other hand, in this work the LCB2 group contains also some lakes with a mean
depth over 3 m but not stratified. As stratification may occur also in lakes of other
types, the percentage of stratified lakes was calculated for each coverage and depth
group. As a stratification process has started recently in several formerly non-
stratified lakes, the situation in the period of macrophyte investigation was taken
into account.

The Nordic and Baltic countries are rich in dark-water lakes, so the percentage
of lakes with coloured (brownish or orange) water was calculated as well. The
“coloured” group in this study is larger than it should be on the basis of the
content of yellow substance, >7 mg L™ (=light absorbance at 400 nm >4 m),
defined for dark-water lakes (Noges & Ott, 2003), and it includes also semi-
dystrophic lakes. It is known that lakes with the darkest water (dystrophic and
acidotrophic lakes according to Ott & Kdiv, 1999) are naturally very poor in
macrophytes, whereas slightly brownish lakes may be among the richest. The
values of water characteristics were drawn from the databases of the Centre for
Limnology. In all cases the data of surface water in midsummer were used even
if more data were available, because the bulk of older hydrochemical data were
collected only in midsummer. Estimations of high/good quality of the lakes are
valid for the period of macrophyte investigation and are based on the estimations
made within the framework of the Natura 2000 project, characteristics of the catch-
ment area, presence of sensitive species, and/or other available limnological data.
The group of strongly disturbed lakes comprises water bodies with markedly
changed water regime, high nutrient loading, or pollution. Both groups were
selected on the basis of expert opinions.
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Overviews of older macrophyte data for the large lakes of Peipsi and Vortsjarv
have been published in several papers and monographs (Miemets & Méemets,
2000, 2001; Méaemets, 2002; Feldmann & Méaemets, 2004). In the period 2003—
2005 investigations were conducted on ten fixed transects on the Estonian coast
of L. Peipsi. In 2004-2005 during Estonian—Russian joint expeditions new data
from 17 stations on the Russian side of the lake were collected.

RESULTS

Coverage estimations

In general, the lakes richest in macrophytes are characterized by high abundance
of all groups: emergent, floating-leaved, floating, and submerged plants. Sub-
merged plants may prevail only in some halotrophic, alkalitrophic, and other
charophyte lakes. Division of the lakes into the coverage groups of 1-10%,
11-20%, 21-30%, etc. is presented in Table 1. As expected, the LCB1 lakes
are characterized by the lowest coverage, but due to the presence of relatively
large shallow parts in the basins of deep lakes (e.g. L. Saadjirv, L. Verevi), macro-
phyte beds may occupy a significantly large percentage of the lake’s area in some
cases. However, coverage higher than 50% is very rare. Oligotrophic soft-water
lakes of LCB3 type display a high coverage in the presence of moss polsters,
which reach a depth of 8 m or more. In the case of their absence, macrophyte
zones are relatively small, and in the course of time moss beds have declined in

Table 1. Distribution of different groups of macrophyte coverage percentage between different
lake types
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most of these lakes. The LCB2 lakes are represented relatively uniformly in the
groups of low and high coverage as this type includes two or more Estonian
types. Among them, the highest coverage is characteristic of the extremely shallow
overgrowing mixotrophic lakes (L. Endla, L. Laiuse Kivijarv, L. Tohela). Over-
growing is caused by the lowering of the water level and/or high nutrient loading.
The dominating groups are charophytes and tall emergent plants; in the next
stages of decline, ceratophyllids, nymphaeids, and lemnids. The LCB2 type
includes also rather large (>1 km?®) non-stratified lakes, relatively poor in plants
(coverage 20-30%), with a mean depth of 3—4.5 m (L. Piihajérv, L. Ahijirv). Most
of the alkalitrophic and halotrophic lakes (old coastal lagoons) belong to the groups
of high coverage owing to large charophyte beds and overgrowing with reeds.
However, some coastal lagoons on limestone or with a sandy bottom less than
I m deep and with a low water exchange may be extremely poor in plants.
Coloured water without morphometric characteristics does not seem to be suitable
for predicting coverage: very shallow brownish lakes may be among the richest,
steep-sloped lakes may be among the poorest in vegetation.

Correlation between macrophyte coverage and water transparency was weak
in all cases. As 19 of the 21 estimations of the coverage >60% and Secchi
depth <2.0 m (Fig. 2) belonged to the lakes where emergent or floating-leaved
plants were dominating, we excluded these coverage estimations from calculations;

% of lake area occupied by macrophytes
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Secchi depth, m

Fig. 2. Total coverage percentage of macrophytes and water transparency (103 estimations and
parallel Secchi depth measurements).
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however, in this case the weak positive correlation turned into a weak negative
correlation. The transparency of one and the same lake of high macrophyte coverage
may differ by 1 m in different periods of investigation. In L. Ménnikjérv, rich
in floating-leaved plants and charophytes, Secchi depth was 1.3 m in 1972 and
0.3 m in 1988 at coverages of 100% and 95%, respectively.

Table 2 shows that the lakes classified as having a “high” or a “good” state are
distributed quite uniformly among the coverage percentage groups. Thus the total
coverage percentage does not seem to be correlative with good quality nor do
coverage estimations for strongly disturbed lakes display any trend.

The macrophyte coverage of the two largest lakes, L. Peipsi and L. Vortsjérv,
remains under 20% (Méemets & Méaemets, 2000; Feldmann & Maemets, 2004)
owing to their large pelagial area and mechanical stress. Despite this, macrophyte
areas have increased in both lakes, mainly at the expense of reeds (Midemets &
Freiberg, 2004).

Maximum growth depth of submerged macrophytes

The records of depth limits for different taxa are presented in Table 2. Note
that most measurements were made in the 1950s. Distribution of growth depth
limits among different lake types is summarized in Table 3, and a general over-
view is given in Fig. 3. Generally, depth limits are not registered for coastal
lagoons owing to their extremely shallow water. As expected, LCB2 lakes are
only represented in the depth groups up to 4 m, as their mean depth is generally
smaller. In the groups with the largest growth limits, stratified LCB3 lakes are the
sole representatives (group >8 m). However, like in the coverage groups, the
LCB3 lakes are characterized by the lowest and the highest values also for macro-
phyte growth depth, which depends mainly on the presence of a moss polster,

Table 2. Records of depth limits for different taxa (Database of the Centre for Limnology)

Taxon Maximum Lake, year
growth
depth, m
Ceratophyllum demersum L. 6.0 Koorkiila Valgjérv, 1952
Myriophyllum spicatum L. 6.0 Koorkiila Valgjérv, 1952
Potamogeton compressus L 6.0 Koorkiila Valgjérv, 1952
Potamogeton lucens L. 5.5 Konsu, 1953; Réaiatsma, 1954
Potamogeton perfoliatus L. 5.0 Peipsi, 1962
Elodea canadensis Michx. 7.0 Piigandi, 1998
Utricularia vulgaris L. 6.0 Rédtsma, 1954
Fontinalis antipyretica Hedw. 85 Koorkiila Valgjérv, 1955
Rhynchostegium riparioides (Hedw.) Card. 12.0 Nohipalu Valgjérv, 1960
Charophyta, undetermined 6.0 Koorkiila Valgjérv, 1952, 1955
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Table 3. Distribution of different groups of macrophyte growth depth limits among lake types
(percentages of A and H lakes not shown)
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Fig. 3. Water transparency and maximum growth depth of submerged plants in small lakes (202
parallel measurements).
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because in Estonian lakes the growth limit is mostly 2 m for Isoéfes and 1 m for
Lobelia. Lakes with coloured water are rare in the groups of depth limit >2.6 m.
Lakes of good or high status are quite uniformly distributed among the growth
depth limit groups, their frequency being somewhat higher in the groups of larger
values. Two estimations in the group 3.1-3.5 m (7%) can be ascribed to the
eutrophied soft-water lakes of Paidra and Inni while other lakes in this group are
not disturbed. Excluding the measurements for L. Verevi from the period after the
manipulation of its water level (Table 3), it is evident that significantly disturbed
lakes are absent from the depth groups >3.6 m. Correlation of growth depth with
simultaneously measured Secchi depth is relatively good, 0.68 (p <0.001)
(Fig. 4). If two extraordinarily high Chla measurements (hundreds of micro-
grams per litre) are excluded for the 1.2 m depth limit of submerged plants, the
correlation of depth limit with Chla is —0.3276 (p = 0.017) (Fig. 4).

According to monitoring data, in L. Peipsi the mean growth limits may differ
for different years and lake parts. Figure 5 presents the mean values from the
Estonian side of L. Peipsi between Raigla and Tammispééa (r» = 7, the same stations)
in 2004 and 2005 and those from the Russian side between Kunest-Bratukhnovo
and Sityag (n = 7) in 2005. Some results of parallel measurements (n = 14) of
water transparency in the littoral zone of L. Peipsi and of depth limits of
Potamogeton perfoliatus L. are presented in Fig. 6. The correlation between these
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Fig. 4. Chla content of surface water in midsummer and maximum growth depth of submerged
plants in small lakes (51 parallel measurements).
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Fig. 6. Water transparency and maximum depth limit of Potamogeton perfoliatus L. in different
stations of L. Peipsi.
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characteristics was weaker than in small lakes, 0.5604 (p =0.037). The contrast
between the average of limit values of L. Peipsi and single maximum values of
the growth depth is remarkable. Data on L. Peipsi suggest that for large lakes the
mean value of growth limit may be more suitable for the classification than single
records.

DISCUSSION

The differences between the coverage estimations in our dataset (total
coverage %) and the abundance data used by Portelje (2006) (abundance of sub-
merged plants) make the results not well comparable. Our results suggest a low
indicative value of the coverage percentage for the estimation of the status of the
lakes. For the LCBI1 lakes this characteristic has definite limits, 1-40% (Table 1).
Division of the heterogeneous group of LCB2 lakes into coverage groups does
not support quality classification. For the LCB3 lakes, low coverage may indicate
a decline in mosses and a disturbed state for deeper lakes; however, some larger
shallow LCB3 lakes seem to be naturally poor in mosses (L. Tédnavjérv). It is very
likely that the reason is the sensitivity of mosses to mechanical stress. The
irrelevance of coverage in distinguishing lakes according to status is also related
to a too general understanding of the good status, defined mainly by low density
of human population and prevalence of natural areas in the catchment. However,
a 100 years ago water lowering or flax retting may have taken place, determining
the whole further development of some “reference” lakes. Water lowering increases
total macrophyte coverage in most lakes, while nutrient loading has a similar
effect mainly on hard-water lakes. In the case of submerged plants, especially
charophytes, also the nutrient loading should be interpreted more exactly than is
presently done. Although the correlation between an increase in charophyte stands
and a good state of very shallow hard-water lakes has been studied intensively
and verified (Scheffer, 1998; Berg, 1999), the problem of how indicative charo-
phytes are for the non-impacted state is not solved in all aspects. The sensitivity
of charophytes to phosphorus-rich water is well known (Forsberg, 1964, 1965;
Krause, 1981, 1997; Schmieder, 1998; Berg, 1999; Sviridenko, 2000). Less is
known about their relationship with nitrogen content. Being close to green algae
in systematics, charophytes may be favoured by nitrogen (Krause, 1997; Lee,
1999). For example, in two LCB2 lakes of Piidla, located near cattle-breeding
farms, charophytes are spreading rapidly and have suppressed such rare species
as Najas flexilis (Willd.) Rostk. et W. L. E. Schmidt. Moreover, in water bodies
of high alkalinity, phosphorus may be retained in a complex with Ca compounds.
These lakes are clear and charophyte-rich at high nitrogen loading (e.g. alkali-
trophic lakes of Pandivere).

The depth limit of submerged plants appears to be a better characteristic of the
lake’s state than total coverage percentage and it is relatively well correlated
with transparency, less with Chla content. The relationship between Chla and
transparency can be modified by turbidity caused by humic substances and detritus
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(discussed also by Phillips, 2006). Besides, different groups of phytoplankton are
responsible for differences in transparency at the same Chla level (R. Laugaste,
pers. comm.). It is highly probable that macrophytes depend more on the
environmental conditions in the previous summer or at the beginning of the
vegetation period (Rooney & Kalff, 2000; Miemets et al., 2006) than on water
conditions at the time of measurement. Algal blooms and transparency of water
are relatively variable during the vegetation period. The data on L. Peipsi seem to
support this supposition, displaying different depth limits at low water transparency
during the midsummer investigation period (Fig. 6).

The growth depth limit >3.6 m coincides with the boundary of the high/good
status for LCBI1 lakes, proposed by Phillips (2006), and may be suitable for the
classification of stratified hard-water lakes of high status. High growth depth values
for hypertrophic strongly stratified L. Verevi after a short-term water lowering
and the following restoration suggest that all other characteristics as well as
background data should be taken into account in classification. Yet, aeration and
mineralization of lake sediments did improve the state of L. Verevi for some
years (Méemets & Freiberg, 2005). The boundary of the good/moderate status,
2.8 m for submerged plants in LCB1 lakes and 2.0 m in LCB2 lakes according
to Phillips (2006), may not require setting different values for different types.
Generally, strongly disturbed hard-water lakes with a growth depth limit of 3 m
are very rare; moreover, for some formerly fertilized LCB2 lakes macro-
phytes may reach a depth of 2.8 m (L. Kostrejérv in 2005). The classification
based on growth depth limits should take into account the species growing at
the maximum depth. Ceratophyllum demersum, abundantly present in nitrogen-
rich lakes (Schmieder, 1998), may reach considerable depths in both LCB1 and
LCB2 lakes. For LCB3 lakes, rich in moss, the growth depth limit for the boundary
of good/moderate status may be at 6 m, and for the high/good boundary at 8 m,
as suggested by the data on L. Nohipalu Valgjarv and L. Kurtna Valgejirv over
decades (database of the Centre for Limnology). The problem of the natural inter-
annual variability of growth depth limits should be solved for a more exact setting
of class limits. For small lakes only a few relevant data are available. Monitored
stations of L. Peipsi displayed differences in depth limits between the years. Thus
variability may influence the estimation of lake quality.

Definition of the potential area of colonization depends on the value of depth
limit considered as characteristic (expected) for the lake in question. The definition
of this area using the depth limit in the observation period (Valta-Hulkkonen et al.,
2005) is questionable. In larger lakes where strong mechanical stress on macro-
phytes causes much lesser colonization (Feldmann & Méemets, 2004) or at strong
anthropogenic disturbances the deviation of the depth limit from the average,
characteristic for this lake type, may be great. It seems to be most reasonable to
define potential colonization area considering the average depth limit for the lake
type and plant group (emergent, floating-leaved, and submerged) in undisturbed
lakes. Our results reveal that in LCB1 lakes the expected colonization area may
be restricted with 40%.
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Appendix 1. Investigated water bodies and the number of observation years. Types of water bodies:
A — alkalitrophic; H — halotrophic; LCB1 — hard-water lakes, mean depth >3 m; LCB2 — hard-
water lakes, mean depth <3 m; LCB3 — soft-water lakes; SMX — soft-water mixotrophic lakes;

D — dystrophic lakes; X — reservoirs and lakes of unknown type

Lake name Lake Years Lake name Lake Years
type type
Ainja Sinejarv A 1 Kabhrila LCB1 1
Antu Linaleojirv A 1 Karijarv LCB1 3
Antu Roheline A 1 Karula LCB1 1
Antu Sinijiry A 2 Kaussjirv LCBI 1
Antu Valgejirv A 1 Kiruvere LCBI 2
Kéomardi H 1 Konsu LCB1 1
Kellamde Mustjéarv D 1 Kooraste Koverjarv LCB1 2
Kiissalaht H 1 Kooraste Suurjérv LCBI1 1
Kiljatu H 1 Kriimani LCB1 1
Koigi H 1 Kuningvere LCB1 1
Kooru H 1 Kuremaa LCB1 2
Laialepa H 1 Lasva Kalijarv LCBI1 2
Linnulaht H 1 Liivakraavi LCB1 1
Nonni H 1 Loddla LCBI 1
Poldealune H 1 Mietilga LCB1 1
Sarapiku H 1 Majori jarv LCB1 1
Sutlepa H 1 Neeruti Tagajarv LCB1 2
Suurlaht H 1 Nouni LCB1 4
Tammelais H 1 Otepéd Pikajarv LCBI 1
Veskilais H 1 Pdidla Kdverjédrv LCBI1 1
Viinistu Maalaht H 1 Pangodi LCB1 2
Véolameri H 1 Pappjarv LCB1 4
Agali LCBI 2 Pindi Kérnjarv LCBI 1
Holstre LCBI 1 Rédtsma LCBI 2
Jéneda Kalijarv LCB1 2 Riiska LCB1 1
Janukjarv LCBI 1 Roika LCBI 2
Joksi LCB1 4 Roéuge Suurjarv LCB1 7
Kaasjirv LCB1 1 Rouge Valgjirv LCBI1 2
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Appendix 1. Continued

Lake name Lake Years Lake name Lake Years
type type
Ruusmie LCB1 1 Kostrejarv LCB2 3
Saadjirv LCB1 5 Kurtna Nommejérv LCB2 1
Tillijarv LCB1 1 Kurtna Suurjérv LCB2 1
Tornijérv LCB1 1 Kiilinimdtsa LCB2 1
Tougjérv LCB1 1 Laiuse Kivijarv LCB2 1
Tuuljarv LCB1 1 Leegu LCB2 1
Tiindre LCBI1 4 Lepaauk LCB2 1
Uhtjarv LCB1 1 Maardu LCB2 1
Uiakatsi LCBI 2 Miekiila LCB2 1
Vagula LCB1 2 Mannikjérv LCB2 2
Viinjarv LCB1 1 Misso Palujarv LCB2 1
Vasula LCB1 1 Mortsuka LCB2 1
Verevi LCB1 8 Murati LCB2 1
Verijarv LCBI 3 Muti LCB2 1
Viisjaagu LCB1 2 Neeruti Eesjarv LCB2 2
Viljandi LCB1 1 Neeruti Orajarv LCB2 1
Aheru LCB2 2 Neitsijarv LCB2 1
Ahijarv LCB2 1 Noodasjirv LCB2 1
Allikajérv, Kurtna LCB2 1 Noo Karujéarv LCB2 2
Aravuse LCB2 1 Nova Allikajérv LCB2 2
Arbi LCB2 1 Niipli LCB2 2
Elistvere LCB2 1 Oisu LCB2 1
Endla LCB2 2 Ojajarv LCB2 1
Harku LCB2 4 Otepéd Valgjarv LCB2 1
Haugjarv LCB2 1 Padstjarv LCB2 1
I1li Suur LCB2 2 Pdidla Moisajarv LCB2 1
Illi Viike LCB2 2 Paidla Suurjérv LCB2 3
Ilmjérv LCB2 1 Pautsjarv LCB2 1
Jaanuse LCB2 1 Peen-Kirjakjérv LCB2 1
Joembdisa (& Papijarv)  LCB2 1 Peresi Umbjéarv LCB2 1
Jussi Veinjérv LCB2 1 Piihajarv LCB2 3
Kaarepere Pikkjarv LCB2 1 Pupastvere Umbjarv LCB2 2
Kadriku LCB2 1 Puustusjarv LCB2 1
Kaarna LCB2 3 Raadi LCB2 1
Kaiavere LCB2 1 Radkjérv LCB2 1
Kaisma LCB2 1 Rébijarv LCB2 1
Kaiu LCB2 1 Raigastvere LCB2 1
Kalli LCB2 1 Rebasejirv LCB2 1
Kastjarv LCB2 1 Ruhijarv LCB2 2
Keeri LCB2 2 Saare LCB2 1
Kodijarv LCB2 1 Soitsjarv LCB2 1
Koodre LCB2 1 Tamula LCB2 2
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Appendix 1. Continued

Lake name Lake Years Lake name Lake Years
type type

Tdohela LCB2 2 Holstre Linajarv S 1
Uuri LCB2 1 Inni S 3
Vahejérv LCB2 1 Kogrejarv Kaika S 1
Viimela Alajdrv LCB2 1 Kooraste Linajarv S 1
Viimela Miejérv LCB2 1 Maibha jéarv S 1
Vasavere Mustjéarv LCB2 1 Partsi Kortsijarv S 2
Veisjarv LCB2 3 Suur Pehmejérv S 1
Viss LCB2 1 Hindaste SMX 1
Aegviidu Ahvenajérv LCB3 1 Kahala SMX 2
Aegviidu Sisalikujdrv LCB3 1 Késmu SMX 1
Aegviidu Vahejérv LCB3 1 Listaku Soojérv SMX 1
Ahnejarv LCB3 2 Metskiila SMX 1
Annijirv LCB3 1 Orava Mustjarv SMX 1
Hino LCB3 2 Parika SMX 2
Thamaru Palojarv LCB3 1 Poldaluse SMX 1
Jussi Linajérv LCB3 2 Puhatu SMX 1
Kavadi Méejarv LCB3 1 Pumbuta SMX 1
Kirikumie LCB3 1 Tihu Keskmine SMX 1
Kise LCB3 1 Tihu Kolmas SMX 2
Koorkiila Valgjarv LCB3 4 Turvaste Mustjarv SMX 1
Kurtna Liivjarv LCB3 2 Ubajérv SMX 1
Kurtna Suur Linajérv LCB3 1 Valguta Mustjérv SMX 1
Kurtna Viike Linajairv.  LCB3 1 Alevi X 1
Kurtna Valgejarv LCB3 2 Jérva-Jaani reservoir X 1
Lohja LCB3 1 Karksi reservoir X 3
Miéhuste jarv LCB3 3 Karujarv, Saaremaa X 3
Martiska jarv LCB3 2 Kaunissaare reservoir X 1
Metstoa Umerikjirv LCB3 2 Kogrejirv, Ahijirve X 1
Nikerjarv LCB3 1 Linnajarv X 1
Nohipalu Valgjarv LCB3 10 Perdjérv X 1
Pabra jérv LCB3 1 Pikane X 1
Paidra LCB3 1 Pdlva reservoir X 1
Paukjarv LCB3 2 Pormeistri X 1
Piigandi jérv LCB3 5 Raudjérv X 1
Porste LCB3 1 Ro0sa X 2
Ténavjirv LCB3 1 Rummu X 1
Udsu LCB3 2 Ruskavere X 1
Uljaste LCB3 2 Nommejérv

Viike Palkna LCB3 5 Sillamée reservoir X 1
Vaskna LCB3 3 Soodla reservoir X 1
Veskijarv LCB3 1 Tammelehe X 1
Viitna Pikkjarv LCB3 6 Viike-Virna (2.) X 1

138



REFERENCES

Berg, M. S. van den. 1999. Charophyte colonization in shallow lakes. Thesis Vrije Universiteit
(Doctoral thesis), Amsterdam.

Directive 2000/60/EC of the European Parliament and of the Council of the European Union
23 October, 2000. Off. J. Eur. Communities, 22, 1-72.

Feldmann, T. & Méemets, H. 2004. Macrophytes. In Lake Vortsjdrv (Haberman, J., Pihu, E. &
Raukas, A., eds), pp. 185-205. Estonian Encyclopaedia Publishers, Tallinn.

Forsberg, C. 1964. Phosphorus, a maximum factor in the growth of Characeae. Nature, 201, 517—
518.

Forsberg, C. 1965. Ecological and physiological studies of charophytes. Acta Univ. Upsal., 53.

Krause, W. 1981. Characeen als Bioindikatoren fiir den Gewésserzustand. Limnologica, 13(2), 399—
418.

Krause, W. 1997. Charales (Charophyceae). Siisswasserflora von Mitteleuropa 18. G. Fisher Verl,,
Jena—Stuttgart—Liibeck—UlIm.

Lee, R. E. 1999. Phycology. Third ed. Cambridge University Press.

Miemets, A. (ed.) 1968. Eesti jdrved. Valgus, Tallinn.

Méemets, A. 1974. On Estonian lake types and main trends of their evolution. In Estonian Wetlands
and Their Life (Kumari, E., ed.), pp. 29-62. Valgus, Tallinn.

Maiemets, H. 2002. Commented list of macrophyte taxa of Lake Vortsjdrv. Proc. Estonian Acad.
Sci. Biol. Ecol., 51, 5-25.

Maiemets, H. & Freiberg, L. 2004. Characteristics of reeds on Lake Peipsi and the floristic con-
sequences of their expansion. Limnologica, 34, 83—89.

Méemets, H. & Freiberg, L. 2005. Long- and short-term changes of the macrophyte vegetation in
strongly stratified hypertrophic Lake Verevi. Hydrobiologia, 547, 175-184.

Miemets, H. & Miemets, A. 2000. Commented list of macrophyte taxa of Lake Peipsi. Proc.
Estonian Acad. Sci. Biol. Ecol., 49, 136-154.

Maéemets, H. & Midemets, A. 2001. Macrophytes. In Lake Peipsi. Ill. Flora and Fauna (Haberman, J.
& Pihu, E., eds), pp. 9-22. Sulemees Publishers, Tartu.

Maiemets, H., Freiberg, L., Haldna, M. & Mols, T. 2006. Inter-annual variability of Potamogeton
perfoliatus stands. Aquat. Bot., 85, 177-183.

Noges, P. & Ott, 1. 2003. Eesti jirveteadus Euroopa tdmbetuultes. In Eesti IX Okoloogiakonverentsi
lithiartiklid (Frei, T., ed.), pp. 159—-172. Tartu.

Ott, I. & Koiv, T. 1999. Estonian Small Lakes: Special Features and Changes. Tallinn.

Phillips, G. 2006. Derivation of chlorophyll boundaries based on changes to maximum depth distribution
of submerged macrophytes. http://forum.europa.eu.int/Members/jrc/jrc/jrc_eewai/library

Portelje, R. 2006. Derivation of chlorophyll-a Good/Moderate boundaries from its effects on sub-
merged macrophytes. http://forum.europa.eu.int/Members/jrc/jre/jrc_eewai/library

Riikoja, H. 1940. Zur Kenntnis einiger Seen Ost-Eestis, insbesondere ihrer Wasserchemie. Ann.
Soc. rebus nat. invest. Univ. Tartu. constitut., 46, 168—329.

Rooney, N. & Kalff, J. 2000. Inter-annual variation in submerged macrophyte community biomass
and distribution: the influence of temperature and lake morphometry. Aquat. Bot., 68, 321—
335.

Scheffer, M. 1998. Ecology of Shallow Lakes. Chapman & Hall, London, UK.

Schmieder, K. 1998. Submerse Makrophyten der Litoralzone des Bodensees 1993 im Vergleich mit
1978 und 1967. Ber. Int. Gewdsserschutzkomm. Bodensee, 46.

Sviridenko, B. F. 2000. Flora and Vegetation of the Lakes of North Kazakhstan. Omsk (in Russian).

Valta-Hulkkonen, K., Kanninen, A., Ilvonen, R. & Leka, J. 2005. Assessment of aerial photography
as a method for monitoring aquatic vegetation in lakes of varying trophic status. Boreal
Environ. Res., 10, 57-66.

139



Suurtaimestiku katvus ja siigavuspiir jarvede
klassifitseerimise vahenditena

Helle Méemets ja Lilian Freiberg

Suurtaimestiku koigi riithmade poolt hdivatud jarveosa (%) ja veesiseste
taimede sligavuspiiri pohjal on jagatud klassidesse 146 erinevat tiilipi véikejérve,
et selgitada kahe nimetatud niitaja seost jarvetiiiibi ja kvaliteediga (seisundiga).
Kalgiveelistes kihistunud jérvedes on katvus kuni 40%, mis ei seostu aga vee
labipaistvusega. Suur katvus voib olla omane nii heas seisundis kui ka tugevasti
mojutatud jérvedele. Selgem on veesiseste taimede levikupiiri korrelatsioon jérve-
tiilibiga, kalgiveeliste véikejarvede seisundiga ja vee ldbipaistvusega, vihem vee
klorofiillisisaldusega. Peipsi iga-aastased andmed jérve eri osadest nditavad maksi-
maalse kasvusiigavuse muutlikkust ajas ja ruumis, samuti selle viiksemat korre-
leeruvust vee ldbipaistvusega. Veesiseste taimede sligavuspiiri vaértus 3,6 m sobib
kihistunud kalgiveeliste jarvede hea ja vdga hea seisundi piiriks, kdigi kalgiveeliste
jérvede hea ja kesise seisundi piir v3iks olla 2,8-3 m. Siigavamad pehmeveelised
vihetoitelised jarved jagunevad nii taimestiku katvuse kui ka sligavuspiiri jargi
soltuvalt sammalde olemasolust voi hdvimisest ja sammalde esinemise puhul voik-
sid nimetatud niitajad klassifitseerimist toetada.
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