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ABSTRACT

Objective: Elodea canadensis Michx. is a common invasive aquatic macrophyte that has successfully spread along European, 
Asian and Australian inland waters. The aim of this study is to evaluate the presence and distribution of an alien and invasive 
species, E. canadensis, in Sapanca Lake (Turkey) for the first time.

Materials and Methods: Sampling for macrophytes and main environmental parameters was carried out seasonally 
between the years 2016 and 2017 along the coasts of Sapanca Lake. Macrophytes samples were taken from bounded areas. 
Morphological observations were made on both unfixed-living and dried materials, and morphological details were observed 
under a light microscope.

Results: Elodea canadensis Michx. was reported for the first time in Sapanca Lake during the spring period of 2016 with water 
temperatures of 20.9 ±0.9°C. A total of six submerged macrophytes species were recorded together with E. canadensis.

Conclusion: The first record of this species in Sapanca Lake is important for contributing to the changing biodiversity 
dynamics of the lake and also contributes to the assessment of the possible ecological and economic risks of the region in 
terms of lake management. 
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INTRODUCTION

Aquatic macrophytes play an important role in both 
structuring and functioning communities in aquatic 
environments (1). They contribute significantly to the 
productivity and biodiversity in the littoral region by 
representing a suitable habitat for micro and macro 
flora and fauna as well as a significant number of 
ecological and economical species. Moreover, they 
have an important role in ensuring nutrient dynamics, 
protecting against coastal erosion and in stabilising the 
sediments by reducing the negative effect of the wave 
(2). Moreover, recent studies have indicated that the 
invasion of alien aquatic macrophytes introduced by 
natural or anthropogenic means has been a highlighted 
issue. Hussner (3) reported findings of 96 alien aquatic 
plant species from European inland waters, and Elodea 

canadensis Michx. was reported to be the most widely 
distributed alien aquatic plant in Europe.

E. candensisis is a submerged aquatic plant belonging 
to Hydrocharitales (Magnoliophyta) (4). The native 
distribution of this species is reported to be from North 
American and Canadian Inland waters (4-6) but it is a 
common invasive species in Europe, Asia and Australia 
(4, 6). The first record of the plant in European waters 
came from Ireland in 1836 (6) and later studies indicated 
that it successfully spread and rapidly colonised in 
north and central European shallow lakes and streams 
(3, 7-12) and then extended to Asian fresh waters 
(13). E. canadensis has been defined as a “catastrophic 
phenomenon” in Baikal Lake (14) due to forming fast 
and uncontrolled thriving populations in a very short 
space of time. The species has been categorized as 
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a least concern (LC) species by the International Union for 
Conservation of Nature (IUCN) (15). Recent studies indicate that 
E. canadensis is now widespread globally with the exception of 
Iceland, Greenland, the Faroe Islands and the Norwegian islands 
(16) and is reported to be a noxious weed in freshwaters (4). 

In Turkey, E. canadensis was first reported in the Thrace Region 
(North-western part of Turkey) by Davis (17). Later, the presence 
of the species was noted in Gala Lake (18) and also in some 
drainage channels in the surrounding areas (19). In 2005, the 
first record of the species was given from western Anatolia 
(Eğirdir Lake, South-western part of Turkey) and in the following 
years its spreading to the entire lake area was reported (20). 
The presence of this invasive species poses an ecological, 
sociological and economic threat in freshwater ecosystems (21, 
22). Elodea has high invasion success, considering the advantage 
such as the high tolerance to changing environmental factors, 
fast vegetative reproduction ability by fragments and easy 
dispersion vectors (irrigation canal, animals, fishing activities 
and recreational use of waters). Increasing nutrient input and 
eutrophication process also promote its mass development 
and spread. Considering its widespread appearance and rapid 
colonization success in European waters, research scientists 
need to know its spreading areas and to make an evaluation of 
its effects on the biodiversity of the lake ecological status. This 
study reports the presence of an alien and invasive species, E. 
canadensis, in Sapanca Lake for the first time. 

Sapanca Lake, located in the north-western part of Turkey 
(40°43ʹN and 30°15ʹE) is a tectonic lake, with a surface area of 
47 km2 and maximum depth of 55 m. At a local level, the lake 
is an important freshwater source of drinking water and is used 
for domestic water and industrial needs, besides commercial 
and sport fisheries. The catchment area consists of small towns, 
villages and forests and the lake is used for tourism and various 
recreational activities. This lake is fed by several creeks and 
partly by groundwater. The shallow shores are covered by a 
wide vegetation belt. Sapanca Lake with its winter overturn 
is a typical warm-monomictic lake. The lake water is mixed 
thoroughly from top to bottom in February-March, providing 
enrichment of the surface layer with nutrients from deep waters 
as well as ventilation of bottom waters (23). Though there is no 
direct discharge of waste into the lake, chemical pollutants of 
both domestic and agricultural origin find their way into the 
lake through surface-runoff (24). Before 1980, a few studies of 
its principal limnological properties showed the lake to contain 
low concentrations of dissolved inorganic ions and the water 
to be adequate for drinking, industrial usage and irrigation. 
Recently there has been some impact of pollutants, particularly 
sewage effluent. Towards the end of the 1990s some colour 
changes indicating water-blooms were occasionally observed 
and routine studies revealed that a cyanobacterium, Planktotrix 
rubescens (De Candolle ex Gomont) Anagnostidis&Komarek 
was responsible (23, 25). In recent years, cyanobacterial blooms 
frequently occur as a result of degradation of water quality and 
the eutrophication in the lake. 

MATERIALS AND METHODS 

Field observation and sampling for macrophytes and main 
environmental parameters was carried out seasonally between 
the years 2016 and 2017 along the coasts of Sapanca Lake 
(Figure 1). Moreover, short time-scale samplings (weekly) 
along the coast of the Lake were conducted from July to 
August in summer periods. Aquatic plants were observed 
along the coast by means of a viewing tube and collected 
using a rake. Macrophytes samples were taken from bounded 
areas with three replicates and their relative abundance was 
estimated based on their dry-wet weight in each sampling area. 
Morphological observations were made on both unfixed-living 
and dried materials and morphological details were observed 
under a light microscope in the laboratory. 

The identification of Elodea was made according to Casper 
and Krausch (5), Bowmer et al. (4) and Simpson (26). Moreover, 
main environmental parameters influencing the presence/
absence of the species were recorded. Water temperature, 
dissolved oxygen, conductivity and pH were measured in situ 
with a multiparameter prob and transparency with a Secchi 
disc. Water samples for nutrients and chlorophyll a were taken 
from surface. For chlorophyll a analysis, water was filtered 
through a glass fiber filter (Whatman GF/C) and Chlorophyll a 
concentration was determined spectrophotometrically (27). 
Nutrients (reactive phosphorus, nitrate and nitrite nitrogen, 
and silicate) were analysed in the laboratory according to 
standard analytical techniques (28). Measured environmental 
parameters and chlorophyll a results of Lake Sapanca surface 
water were given by the mean with standard deviations.

RESULTS 

The first observation of E. canadensis Michx. was recorded in 
the spring of 2016 at water temperatures of 20.9±0.9°C during 
the preliminary study for a project on aquatic macrophytes of 
Sapanca Lake. In the routine sampling which was on-going 
during 2017, the species was observed again from a depth of 
1-3 meters at the Seka and Kurtköy regions of the Lake during 
the summer. When the presence of the species was monitored 

Figure 1. Map of Sapanca Lake showing sites where Elodea 
canadensis Michx. was found
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seasonally, it was observed that its spreading area extended to 
the inner western shore of the lake during the summer period 
(from June to August) at temperatures of 27.4±0.5°C. Measured 
environmental parameters and chlorophyll a means with 
standard deviations of Lake Sapanca surface water are given 
in Table 1. The species had the highest biomass during the 
autumn period (209 g/m2 in dry weight) with temperatures of 
15.8±0.3°C, and in addition to these areas it was also recorded 

at Gölpark region along the eastern shore of the lake. During 
the study period, a total of six submerged macrophytes species 
(Myriophyllum spicatum L., Ceratophyllum demersum L., Najas 
minor All., Chara sp., Potamogeton perfoliatus L. and Potamogeton 
lucens L.) were reported together with E. canadensis. 

Elodea is a perennial aquatic submerged plant measuring 20-
30 cm in length. The identification of E. canadensis is based 

Table1: Measured environmental parameters and chlorophyll a means with standard deviations (SD) of Lake Sapanca surface 
water

Parameters Range Mean±SD

Water temperature (°C) 5.8-28.0 17.6±0.4

pH 6.9-8.2 7.5±0.1

Dissolved oxygen (mg l-1) 6.6-10.4 8.6±0.4

Conductivity µs cm-1 248-286 265±5

Water transparency (m) max max

(NO2+NO3)-N (mg l-1) 2.16-12.10 4.54±0.17

PO4-P (mg l-1) 2.25-3.35 2.34±0.10

Chlorophyll a (mg l-1) 1.62-22.73 8.9±3.4

Figure 2. Elodea canadensis Michx., (a) morphological illustration of leaves, from Bowner et al (4) (Illustration by Christine Payne, 
from Sainty and Jacobs, 1988), (b-c) during the sampling from Sapanca Lake by rake, and (d-e) detailed photos of leaves.
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on leaf characteristics. Towards the stem apex leaves usually 
overlap in regular rows and lie along the stem (4). In collected 
samples from Sapanca Lake, E. canadensis is identified with its 
three oblong linear leaves in whorls, the size of leaves being 
8.96±1.89 mm in length and 1.86 ±0.38 mm in width at the mid-
point (Figure 2). 

DISCUSSION

Macrophytes are key elements of the lake ecosystem, 
contributing significantly to the productivity of littoral areas. 
However, during the last decades, the degradation of natural 
balance as a result of increased human activities has led 
to the destruction of habitats, loss of biodiversity and/or 
excessive increase in some species with a decrease in water 
quality. Several studies have focussed on alien species and the 
impact of invasive macrophytes on aquatic systems, and these 
studies have revealed that this problem is one of the major 
environmental problems in inland water (3, 29, 30).

In this study, Elodea canadensis Michx., is recorded for the 
first time in Sapanca Lake. Elodea is a flowering plant but 
vegetative reproduction by fragments is also very common 
(9). Earlier studies showed that the species has high ecological 
tolerance with temperatures of 10-25°C and pH 6.5-10, and 
it can be rapidly dominant in waters with average nutrient 
content, especially ranging from mesotrophic to eutrophic 
waters (8, 31). These ecological and biological characteristics 
of Elodea contribute to its success at being invasive. In the 
present study, the total biomass of Elodea recorded during the 
summer and autumn periods ranged between 95 and 209 g/
m2 in dry weight. Its distribution was limited to the southern 
part of the lake, and its relative abundance did not exceed 3% 
in the total macrophytes biomass. However, considering its 
widespread appearance in European waters (3, 12) as a result 
of global change caused by humans (29), and considering 
the colonization success of this species, the importance of 
monitoring studies on alien species is clear.

Alien species may have been introduced by natural or 
anthropogenic means. The origin of the population on 
the lake remains uncertain. The number of alien aquatic 
macrophytes in inland waters is much lower compared to the 
marine and terrestrial ecosystems due to geographical and 
climatic limitation and less introduction vector. More than 400 
aquarium plants are used commercially and they considered 
as potential invaders to European inland waters (3). The 
commercial use of these species has also played an important 
role in the introduction of E. canadensis (3, 32). The presence 
and uncontrolled spread of these plants could cause important 
ecological and socio-economic losses in the future. Intervention 
against alien and invasive species is considerably difficult and 
costly. In addition, these interventions, which are mechanical, 
chemical and biological, have many disadvantages. The latest 
studies show that aquatic biosecurity is an important issue 
(30, 32-34). Biosecurity management in environmental and 
fishery policies, and raising awareness of the local people who 

use the lake for fishing, tourism and sporting activities play an 
important role in preventing the entrance and spread of alien 
species. 

CONCLUSION

This study presents the appearance of Elodea canadensis Michx., 
an alien and invasive species, in Lake Sapanca and contributes 
to a new data on its distribution in inland water of Turkey. The 
first record of this species in Sapanca Lake is important as a 
contribution to the changing biodiversity dynamics of the lake 
and also contributes to assessing the possible ecological and 
economic risks of the region in terms of lake management.
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