
Introduction

In line with the requirements of the EU Water
Framework Directive [1], the ecological status of aquatic
ecosystems should be assessed based on biological ele-
ments (phytoplankton, phytobenthos, zoobenthos, fish, and
macrophytes) that replaced the physicochemical properties
of water in the evaluation scheme. In the current classifica-
tion system, the ecological status of an aquatic ecosystem is
assessed based on an individual evaluation of each biologi-
cal indicator, followed by an integrated approach. All EU
Member States have to develop methods for the above
assessment, involving different biological parameters, with
respect to different types of water bodies (lakes, rivers,
dams, and other), and abiotic factors within each water
body type. 

This paper compares the accuracy of traditional meth-
ods of surveying submerged vegetation with mapping tech-
niques that involve underwater exploration, geographic

information systems (GIS), and satellite positioning. The
applied techniques support detailed evaluations of the dis-
tribution and environmental status of macrophyte commu-
nities, including the vulnerable species Isoëtes lacustris.
Lake quillwort is subject to strict protection [2]. It is listed
as a vulnerable species (VU) in the Polish Red Data Book
of Plants [3] and the Red list of plants and fungi in Poland
[4]. The resulting information provides highly valuable
inputs for monitoring projects. 

Study Area

In 2012 data on the occurrence and distribution of
macrophyte communities in Lake Długie were collected by
different methods. The lake is located in northeastern Poland
(N 53º49’5’’ and E 20º1’23’’), at an altitude of 101.8 m a.s.l.
Lake Długie has a strongly elongated shape from the north-
west to the southeast, and it features seven bays (Fig. 1).

Morphometry of the lake is presented in Table 1. Lake
Długie is a hydrologically open water body. A seasonal
water course connects this water body to Lake Gil in its
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northwestern part and to Lake Harcerskie in its south-cen-
tral section. The analyzed lake has been included within the
boundaries of the Lake Długie reserve [5], the Natura 2000
network of protected areas (PLH280030 Lake Długie), and
the Protected Landscape Area of the Taborski Forest
Complex [6], due to the presence of Isoëtes lacustris loca-
tions.

Methods

Research Methods Applied 
before Field Surveys

Prior to conducting field investigations in the study
area, the number of transects to be surveyed was deter-
mined. The transects were plotted on a bathymetric map,
including the full range of local conditions in the lake,

catchment management, and shoreline development (bays,
islands, inlets, outlets, etc.). The number of transects was
calculated using the formula proposed by Jensen [10].

Fieldwork Methods

The vegetation in Lake Długie was analyzed with the
use of the transect-based Ecological State Macrophyte
Index (ESMI_trans) method, recommended in the EU
Water Framework Directive [1], developed in 2006 for
Polish environmental protection services [11, 12]. Surveys
were carried out along belt transects (min. 30 m in width).
The maximum depth of plant colonization and the percent-
age cover of vegetation were determined, and all plant com-
munities were listed, determining the share of each com-
munity on a 7-point scale proposed by Braun-Blanquet
[13]. Investigations were preceeded by: 
(1) dredging bottom of the lake with an anchor (“anchor

method”) or 
(2) underwater investigations proceeded by divers and a

team working on the boat (“diving and GIS method”). 
In both cases, the transects were positioned based on geo-

graphic coordinates recorded with a GPS receiver (Fig. 2).
We recommend marking the start and end points of transect
lines for monitoring purposes in all EU member states. 

The boundaries of plant communities were recorded as
sets of points with known geographic coordinates, which
could be further processed in the GIS (Fig. 3). The surface
area limited by the 2.5 m isobath also was determined.
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Fig. 1. Location and shape of Lake Długie with Isoëtes lacustris positions
Source: Own study

Table 1. Morphometry of Lake Długie.

Lake area (ha) 82.83-89.9 [7-9]

Maximum depth (m) 18

Average depth (m) 6

Maximum length (m) 3,500

Maximum width (m) 450

Shoreline length (m) 9,500



Study Methods – Determination of Indicators 
to Assess the Ecological Status of Lakes

Irrespective of the research methods deployed, the eco-
logical status of water bodies is evaluated in the field based
on the same indicators, in accordance with the ESMI
method [11, 14]. The only difference is in determining the
absolute surface areas of plant communities and the phy-
tolittoral zone. In the “anchor method” (1), the grades of the
Braun-Blanquet scale [13] are converted to the correspond-
ing cover classes introduced for Polish lakes [14] (Table 2).
In the “diving and GIS method” (2), the surface areas of
plant communities are calculated based on satellite posi-
tioning with the use of GIS tools.

The ESMI method relies on the ESMI (ecological state
macrophyte index) multi-metric index (Table 3) and other
qualitative (S – number of plant communities, H – phyto-
cenotic diversity index, Hmax – index of the theoretical max-
imum phytocenotic diversity) and quantitative (N – phy-
tolittoral surface area, Z – colonization index, surface areas
of different ecological groups: charophytes) indicators.

The surface area limited by the 2.5 isobath, required for
further computations, may be determined using bathymet-
ric data collected in the 1950s and 1960s in Poland (how-
ever, in many cases the data are outdated). Using an
echosounder and a GPS receiver, and checking many coor-
dinates for a depth of 2.5 m, such an isobath can be deter-
mined with high accuracy, in the form of a polygon whose
area can be computed automatically with GIS tools.
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Fig. 2. Locations of belt transects and a sample table of communities taking into account the percentage of coverage of the transect
through the communities of assigned Braun-Blanquet's scale with GIS. 
Source: Own study.

Ecological status

Ranges of ESMI values

Deep charophyte-
colonized lakes

Shallow charophyte-
colonized lakes

High (very good) 0.680-1.000 0.680-1.000 

Good 0.410-0.697 0.270-0.679 

Moderate 0.170-0.400 0.110-0.269 

Poor 0.090-0.169 0.050-0.109 

Bad
<0.090 <0.050 

no submerged vegetation

Table 3. Ranges of ESMI values for particular lake types and
ecological status classes.

Source: Regulation of Council of Ministers 2013 – project

Table 2. Average vegetation cover (Braun-Blanquet's scale).

Ranges of cover
classes

Braun-Blanquet's
class

Cover means (%)

75-100 5 86

50-75 4 61

25-50 3 34

2-25 2 15

1-5 1 3

0.1-1 + 0.5

< 0.1 r 0.1



Results

Lake Długie is a deep charophyte-colonized lake. A
total of 25 plant communities were identified in the study.
The number of communities determined by the anchor
method was 23, while the diving and GIS method deter-
mined 25 communities (Table 4). Additionally, using the
second method allowed us to identify Isoëtes lacustris com-
munities (Fig. 1) that were not found when the previous
methods were employed. These communities occupied a
relatively large area of the bottom and are of great impor-
tance for this water body. 

The area of the phytolittoral zone was estimated differ-
ently in each of the methods, which is why the values of the
applied indicators vary insignificantly (Table 5). Due to the
larger number of community distinction (S) using the
method of GIS transects, higher values were obtained in
both phytocenotic diversity index (H) and the maximum
version (Hmax). In the case of GIS, methods obtained lower
surfaces phytolittoral (N) and lower values of the settlement
(Z) (Table 5).

It was assigned to each transect attribute table in which
one of the columns automatically calculates the surface of
the bottom coated by a particular community on the tran-
sect and the column with an assigned value in the scale of
Braun-Blanquet (Fig. 2). In spite of setting the same value
of the average maximum depth of plant colonization (Cmax)
– both methods were estimated of significantly less vegeta-

tion cover bottom (using GIS), which decreased the value
of the indicator ESMI.

The assessment of the ecological status of Lake Długie
can be set at a level of good (the anchor method) or
good/moderate (the diving and GIS method).

Discussion

The application of GIS to the field of aquatic botany
and also to modeling of submerged macrophyte distribution
has been more and more often proposed as a good method
that has been warranted for over a decade [15-18].

As we noted in our previous article [19], the most pop-
ular method used for a lake’s submergered plant registration
is dredging the lake bottom with an anchor. This method is
also used during lake valuation and ecological status classi-
fication according to macrophyte-base assessment [14, 20],
and it is permissible within EU Water Framework Directive
requirements. However, this method is very subjective and
interferes with the environment. And in the case of throw-
ing low frequency it is burdened with high error. This error
is connected with not taking into account worthwhile
species occupying smaller areas or occurring in communi-
ties creating gradient disposition. We suggested that the
combination of underwater inventories analyzing bottom
strata saturated with light, satellite positioning, and GIS
tools produces the most reliable results [19, 21]. 
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Fig. 3. Location of measurement points delineating the boundaries of plant communities.
Source: Own study



The EU Framework Water Directive sets environmental
objectives promoting the achievement of good ecological
and chemical status of all types of water in the EU Member
States. The above requirements cannot be met without
access to reliable and accurately processed habitat data.
Information about the distribution of valuable and vulnera-
ble species and their habitats as well as systematic moni-
toring programs are also needed for planning purposes. In
the process of developing and implementing methods for
ecological status assessment, GIS has been increasingly
used not only to acquire, process, and store spatial infor-
mation, but also (as a supportive tool) to determine the val-
ues of the indicators proposed for water quality monitoring
[22]. Such attempts have also been used in relation to
macrophytes [15-18]. Rush vegetation communities can

also be analyzed and described with the aid of aerial pho-
tography, which provides an excellent basis for land map-
ping [23, 24].

GIS tools support the development of reliable databas-
es that contribute to sound environmental decisions and the
protection of vulnerable species [18, 25-27]. Precise bound-
ary demarcation of plant communities is necessary for envi-
ronmental monitoring programs, including determinations
of the succession or regression rate of submerged plants
over the years. An analysis of the same transects after sev-
eral years allows us to observe transformations of lake veg-
etation and detect changes in trophy levels. Digital maps
showing the distribution of plant communities along tran-
sects should also be compiled with the use of GIS tools, in
order to store environmental data.
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Table 4. Plant communities in Lake Długie identified using different methods.

Source: own study.

Plant communities Anchor method Diving and GIS method

Charophytes 1 Nitelletum flexilis Corill. 1957 + +

Elodeides
2 Eleocharitetum acicularis (Baumann 1911) Koch 1926 - +

3 Isoëtetum lacustris Szańk. et Klos. 1996 n.n. + +

Nymphaeides

4
Nupharo-Nymphaeetum albae Tomasz. 1977, var. Nymphaea
alba L.

+ +

5
Nupharo-Nymphaeetum albae Tomasz. 1977, var. Nuphar lutea
(L.) Sibth. & Sm.

+ +

6 Polygonetum natantis Soó 1923 + +

7 Potametum natantis Soó 1923 + +

Helophytes

8 Acoretum calami Kobendza 1948 + +

9 Caricetum acutiformis Sauer 1937 + +

10 Caricetum elatae Koch 1926 + +

11 Caricetum lasiocarpae Koch 1926 + +

12 Caricetum rostratae Rübel 1912 + +

13 Eleocharitetum palustris Šennikov 1919 + +

14 Equisetetum fluviatilis Steffen 1931 + +

15 Glycerietum maximae Hueck 1931 + +

16 Iridetum pseudacori Eggler 1933 (n. n.) + +

17 Caricetum rostratae Rübel 1912, var. Lysimachia thyrsiflora L. + +

18 Ass. with Menyanthes trifoliata L. + +

19 Phragmitetum australis (Gams 1927) Schmale 1939 + +

20 Scirpetum lacustris (All. 1922) Chouard 1924 + +

21
Sagittario-Sparganietum emersi R. Tx. 1953, var. Sparganium
emersum + +

22 Sparganietum erecti Roll 1938 + +

23 Typhetum angustifoliae (Allorge 1922) Chouard 1924 - +

24 Typhetum latifoliae Soó 1927 + +

25 Thelypteridi-Phragmitetum Kuiper 1957 + +

Total number of communities 23 25



Conclusions

Classification of the ecological status of lakes using the
anchor method is not suitable for evaluating the quality of
lakes such as oligohumic ones (lobelian lakes), since this
type must show carefull phytolittoral penetration.
Fragmentary studies show that the classification of such
lakes is usually a class lower than that of eutrophic lakes,
and that starting conditions (reference) for this type of soft-
water lakes are much better than in eutrophic lakes.

A fully automated procedure for the computation of
indicators of the ecological status of lakes could be intro-
duced if appropriate GIS tools were used. In the case of the
macrophyte-based assessment method, the procedure
would involve the determination of the surface area of plant
communities (using data from transects), the maximum
depth of plant colonization, and surface area limited by the
2.5 m isobath.
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Table 5. Indicators of macrophyte-based assessment of the ecological status of Lake Długie.

Indicators Anchor method Diving and GIS method
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7. Cover the bottom of the vegetation ( %) 71 50

8. ESMI 0.457 0.363

9. Ecological status good good/moderate

Source: own study.
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