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Abstract

Langangen, A.: The disappearance of Chara hellenica (Characeae) from the only one known

locality, Lake Bertonou in Corfu (Greece). — Fl. Medit. 27: 111-116. 2017. — ISSN: 1120-

4052 printed, 2240-4538 online.

The charophyte collected in Lake Bertonou in 2008 was later described as a new species, Chara
hellenica (Characeae). It was also found in 2014, but not in 2015 and 2016. The reason for its

disappearance is most probably runoff soluble such as phosphorus and nitrogen from Temploni

landfill.
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Introduction

Corfu is situated in the Ionian Sea, close to the border of Albania. The island has several

eutrophic fresh water lakes, especially in the central parts, and also some salt lakes and

brackish water localities (Langangen 2010).

In 2008 a new species, Chara hellenica, from Lake Bertonou, near the village of

Temploni, was found growing in dense stands and covering the bottom in shallow water

(Fig. 1) (Langangen 2010). My observations were from land, in the northwestern part of

the lake. The bottom in this lake is brown clayish soil. The lake has a rich bird life.

Chara hellenica has some unique characters which separate it from other species, espe-

cially the dioecious condition of a diplostichous species. The spine-cells also exhibit a key

character, varying from single to pair and three together, and are commonly longer than the

stem diameter. Also features of the bract-cells are special as the anterior are long and the

posterior are rudimentary.

Material and methods

The island of Corfu was visited in 2008 (Langangen 2010), in June 2014, two times in

2015 and again in spring 2016 (see Table 1). The specific conductivity of the water was
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Table 1. The measured abiotic parameters; specific conductivity, calcium, tot-P, phosphate,

tot-N and nitrate.

Fig. 1. Lake Bertonou. In shallow water the bottom is covered with Chara hellenica. Photo

26.05.2008.



measured with a Milwaukee SM 301 EC meter, range 0-1990 μm/cm. Calcium was meas-

ured with Aqua Merck test kit.

Analyzes of phosphorus and nitrogen have been done by VestfoldLAB AS

(www.vestfoldlab.no).

Geology

According to the geological map of Corfu (Higgins & Higgins 1996) the bedrock

around Lake Bertonou is Triassic breccias. This kind of rock is a mixture of Triassic lime-

stone and dolomites as well as gypsum. A similar area has been extensively examined on

the mainland, south of Corfu between Gulf of Arta and Gulf of Patras (Zagana & al. 2011).

This was a karstified area, which also is the case for the area around Temploni. Lake

Bertonou is situated in a blind valley, 42 meters above sea level, with Temploni landfill to

the west. The lake has, according to locals, an underground outlet which drains eastwards

to Gouvia at the coast.

Results

Lake Bertonou is a highly eutrophic lake, surrounded by shrubs and with various

aquatic plants. 

In 2014 the water-level was low and no charophytes were found in the water, but on

land, the dry bottom was covered with white, dried specimens of C. hellenica. The speci-

mens were richly fertile with ripe, black oospores. These were the remains of stands of C.
hellenica from the spring this year. Stones on the bottom were covered with filamentous

green algae.

In 2015 I visited the lake two times, in April and in October. In April 2015 the water

level was relatively high, but had been higher earlier in the year (Fig. 2). The shores were

more or less covered with dense mats of filamentous green algae, partly hanging on the

vegetation and floating in the surface. No charophytes were found. The brook coming in

from northwest, in the area around the landfill, was flowing very high. 

The green algae found were: Ulothrix sp., Microspora sp., and Desmidium swartzii.
In October 2015 the water level was very low (Fig. 3). The level was at least 2-2.5 m lower

than in April. The water was turbid, brownish green and no plants or charophytes were found

in the water or on the bottom. Along the shore there were several places with green/brown

cover of Microcystis viridis, Euglenia sp., Monomorphina (Phacus) sp. The dryer parts were

more or less covered by dense vegetation of Cyperus michelianus (L.) Link. and Alopecurus
aequalis Sobol. The growth of these plants was very fast as the area was under water in April.

Shrubs and small trees which earlier grew in the water are now without leaves. On shrubs

and trees around the lake there are still remains of brown, dried green algae hanging meters

above the ground (e.g. Microspora sp.) The inlet brook is now dry.

On May 2016 the water level was high. The water was turbid, and the surface along the

shores were more or less covered with cushions of algae, e.g. Tribonema sp. No charo-

phytes were found. 
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Fig. 2. Lake Bertonou. Shore on the eastern part of the lake. The watersurface and vegetation is covered

with filamentous green algae. Photo 08.04.2015.

Fig. 3. Lake Bertonou and the landfill. Photo 02.10. 2015.



Discussion

As can be seen from figure 1 Chara hellenica formed dense stands in the northwestern

part of the lake in 2008. This was presumably also the situation in June 2014 when I found

large areas on land with white, dried specimens of the charophyte. In 2015 and 2016 there

were no finds of any charophytes, not in the water or on land. The water was now turbid

and brownish green in colour.

The lake is situated in a lime rich area as can be seen from the measured values of cal-

cium (Table 1). In Sweden the average Chara-lake (calcareous lake) had an average calci-

um value of 62 mg/L (Forsberg 1965). In Lake Bertonou the values were 2-4 times higher. 

Specific conductivity is a measure of the total content of electrolytes in the lake.

Swedish calcareous lakes reported by Forsberg (1965) had conductivity values between

200-550 μS/cm. In calcareous lakes in the island of Evia (Greece) the measured values

were 500-1320 μS/cm (Langangen 2010a). In lake Bertonou these values varied from

1200-2380 μS/cm. 

The water level of the lake varied through the year due to precipitation, evaporation and

drainage through an underground outlet. In Lake Bertonou the water level was low in fall.

This variation in water level will affect the ecology of the lake and the growth of charo-

phytes which developed during the spring and early summer. 

Nitrogen and phosphorus are important major elements for normal metabolism in plants

and animals. Phosphorus is necessary for the growth of water plants and algae in the lake.

Forsberg (1965) found that charophytes grew luxuriant in lakes with tot-P values below 20

µm/L. In highly eutrophic lakes with a high content of phosphorus he found no charo-

phytes. Blindow (1988) found that Chara hispida and C. tomentosa grew well in phospho-

rus concentration at 1 mg/L. Instead she proposed light limitation as a reason for decline

of charophytes during eutrophication. Eutrophication is most often caused by runoff from

agriculture, fertilizer and garbage. The high values of phosphorus and phosphate-P in Lake

Bertonou is most probably caused by runoff from Temploni landfill (see below).

In Lake Bertonou the tot-P values are 0,12-0,39 mg/L, values within tolerance lim-

its for charophytes. 

Nitrogen is found in many forms in lakes - nitrate, nitrite and ammonia. Total-N is the

sum of these constituents and organically bounded nitrogen. In the Norwegian guide to

environmental conditions (WDF 2015), the lake type lime rich, dystrophic (humic?) is

most similar to Lake Bertonou. In such lakes the ecological conditions are good if the

value of tot-N is below 1325 µg/L. If the value is above 2025 µg/L the conditions are very

unfavorable for charophytes. In Lake Bertonou these values were much higher, between

5,0-64,1 mg/L (5000 µg/L – 64100 µg/L). In 2016 the value of nitrate-N was 18.8 mg/L

(18800 µg/L). These high values must be due to runoff from the Temploni landfill. 

It has been generally understood that phosphorus has been the cause of the decline of

charophytes in fresh waters. In contrast to this Lambert & Davy (2011) found that the con-

centration of nitrate -N strongly affected the growth of charophytes. In the field they found

that a concentration of 0.5 mg/L NO
3
-N gave optimal growth, which also was supported

in growth experiments with Chara globularis. At values above 8 mg/L the plants became

red and necrotic. In my one observation from 2016, the value of nitrate-N was 18.8 mg/L,

well above the necrotic concentration.
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The disappearance of Chara hellenica from Lake Bertonou is most probably caused by

runoff from Temploni landfill, as indicated by the increased values of nitrogen and phos-

phorus. This runoff has resulted both in the high concentration of nitrate -N and turbid

brown green water in both 2015 and 2016.

The visible change of the water quality is most likely the reason why Chara hellenica
is no longer found. It is to be hoped that if the heavy pollution of the lake is stopped, the

lake can be restored, and if oospores have survived in the bottom sediments, that the charo-

phyte will return.

The Temploni landfill has been registered as illegal by the European Commission (EU)

since at least 2007 (EU 2015a, 2015b). 

Acknowledgement

The English text has been edited by Professor Henry Mann, Newfoundland, Canada.

References

Blindow, I. 1988: Phosporus toxicity in Chara. – Aquatic Bot. 32: 393-395.

Forsberg, C. 1965. Evironmental conditions of Swedish charophytes. – Symb. Bot. Ups. 18: 5-62.

EU (European Commission) 2015a: Waste management: Commission refers GREECE to the Court

of Justice of the EU over illegal landfill. – http://europa.eu/rapid/press-release_IP-15-

6224_en.htm [accessed 05/05/2017].

–– 2015b: December infringements’ package: key decisions. –  http://europa.eu/rapid/press-

release_MEMO-15-6223_en.htm [accessed 05/05/2017].

Higgins, M. D. & Higgins S. 1996: A Geological Companion to Greece and the Aegean. – London. 

Lambert, S. J. & Davy , A. J. 2011: Water quality as a threat to aquatic plants: discriminating between

the effects of nitrate, phosphate, boron and heavy metals on charophytes. – New Phycologist

189: 1051-1059.

Langangen, A. 2010a: Some charophytes (Charales) collected on the island of Evia, Greece in 2009.

– Fl. Medit. 20: 149-157.

–– 2010b: Chara hellenica spec. nov. and other charophytes collected in Corfu and Amorgos islands

(Greece) in 2008. – Studia Bot. Hung. 41: 21-30.

WDF (Water Framework Directive WFD) 2015: Klassifisering av miljøtilstanden i vann

(Classification of environmental conditions in the water). Veileder (guide) 02:2013-revidert

(revised) 2015. – http://www.vannportalen.no.

Zagana, E., Tserolas, P., Floros, G., Katsanou, K. & Andreo, B. 2011: First outcomes from ground-

water recharge estimation in evaporate aquifer in Greece with the use of APLIS method. – Pp.

89-96 in: Lambrakis, N., Stournaras, G. & Katsanou, K. (Eds.), Advances in the Research of

Aquatic Environment, 2. – Berlin.

Address of the author:

Anders Langangen,

Hallagerbakken 82b, 1256 Oslo, Norway. E-mail: langangen@hotmail.com

116         Langangen: The disappearance of Chara hellenica (Characeae) from the only ...



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


