
INTRODUCTION

Aquatic macrophytes are an important component of
aquatic ecosystems. Changes in community composition
and in the abundance of individual species provide valuable
information on how and why an ecosystem might be chang-
ing (Scott et al., 2002). Macrophytes can serve as long-term
indicators of environmental conditions with high spatial
resolution (Melzer, 1999).

Aquatic macrophytes are generally used for environmental
monitoring and water quality assessment. Additionally,
rooted aquatic plants link sediment and overlying water are
therefore able to indicate conditions in both river compart-
ments. Macrophyte response to different nutrient loads as
well as anthropogenic river habitat disturbance allows them
to be used as bioindicators. Aquatic plant communities re-
spond to these impacts with changes in taxonomic composi-
tion, as well as an increase or decrease of plant abundance
(Schneider and Melzer, 2003).

In the last years, the impact of climate change on freshwater
ecosystems and aquatic vegetation has been investigated in
different European countries (e.g. McKee and Richards,
1996; Kankaala et al., 2000; Middlekoop, 2000; Burnett et

al., 2007).

The River Salaca is a little affected river in Latvia with high
landscape and biological diversity. Dominance of humic
podsoils is a typical feature for the River Salaca basin. Im-
pact of agriculture on the river is insignificant, and nutrient
loading has not significantly changed over the last ten years.

In the last decades, a significant increase of macrophyte
growth has been observed in River Salaca. It is known that
in most of the riffle river stretches overgrowing exceeds a
30% level.1

The aim of this paper is to describe how the macrophyte
composition and coverage of the River Salaca has changed
and attempt to determine the underlying factors for macro-
phyte growth. Seven stretches in the entire length of the
River Salaca were surveyed in summer 2007, and results of
1986 and 2002 mapping surveys were used for data com-
parison. The investigation was focused on species composi-
tion and macrophyte coverage.

MATERIAL AND METHODS

Study area. River Salaca is 95-km-long lowland river, lo-
cated in the north-eastern part of Latvia (Fig. 1) in the
Northern Vidzeme Biosphere Reserve. It originates in the
eutrophic Lake Burtnieks (area 40 km2) and flows into the
Gulf of Riga. The Salaca as the central watercourse com-
bines all the impacts of the Salaca basin. In total, the river is
a little-affected ecosystem, and an important salmon river.
At the same time, the Salaca basin is variable in land use
patterns, number of inhabitants and soil types.

The river catchment area covers 3570 km², of which 48%
are forests, and 42% are agricultural lands. The mean river
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1 Druvietis, I. Hydrobiological characterization of catchment of the River
Salaca. Personal communication, 2002.



depth is 0.7–2.7 m, and the maximum depth is 8.0 m. The
main bottom habitat types are stony and stony-sandy.

Field sampling and data analysis. A survey of aquatic
vegetation in the River Salaca was performed in the begin-
ning of August in 2007 from the boat. The submerged,
emergent and floating-leaved macrophytes were mapped in
seven stretches of the river (Fig. 1). Plant cover was esti-
mated visually as a percentage in specific river stretch
lengths. For species identification plants were taken from
the water using a rake with a long handle.

The length of survey stretches was 3.5–17 km (Table 1) de-
pending on homogeneity of the river bed material.

For comparing changes in the macrophyte coverage of the
River Salaca during the last 20 years, the results of surveys
carried out by Andris Urtâns in 1986 (Óðòàíñ, 1989) and
20021 were used. The macrophyte species, their frequency
and coverage were estimated in 1986. In 2002, only cover-
age of aquatic vegetation was estimated for each stretch of
the river. In 2007, the same lengths of survey stretches and
method for estimation of plant abundance, as in 1986 were
used.

Environmental variables of each stretch, such as bottom ma-
terial content and flow characteristic were estimated visu-
ally (Table 2).

Data on air temperature of the nearest meteorological sta-
tion Ainaþi, river discharge and water temperature of the
streamflow station Lagaste were obtained from the Latvian
Environmental, Geological and Meteorological Agency for
the time period 1946–2007. Long-term changes in different
seasons (winter, spring, summer and autumn) of mean air
temperature and water temperature were studied.
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Fig. 1. Location of the River Salaca and surveyed stretches in 2007 (1, Mazsalaca – River Ramata, 2, River Ramata – River Ige, 3, River Ige – Staicele,
4, Staicele – River Puzupe, 5, River Puzupe – Sarkanas cliff, 6, Sarkanas cliff – Rostu cliff, 7, Rostu cliff – Vecsalaca).

T a b l e 1

LIST OF SURVEYED STRETCHES OF THE RIVER SALACA, THEIR
LENGTH AND DISTANCE FROM SOURCE

No. Stretch* Lenght
(km)

Distance of
source (km)

1 Mazsalaca – River Ramata 14 11

2 River Ramata – River Ige 9 25

3 River Ige – Staicele 17 34

4 Staicele – River Puzupe 12 51

5 River Puzupe – Sarkanas cliff 13 63

6 Sarkanas cliff – Rostu cliff 3.5 76

7 Rostu cliff – Vecsalaca 11 79.5

*For explanation see Fig. 1.

1 Druvietis, I. Hydrobiological characterization of catchment of the River
Salaca. Personal communication, 2002.



Plant abundance was estimated according to a six-point
scale established by Drude: 1 – very rare, 2 – rare, 3 – mod-
erately abundant, 4 – common, 5 – frequent, 6 – abundant,
predominant (Àíîíèì, 1975). The amphibious plant species
as well as algae, liverworts and mosses were excluded from
the assessment. All macrophytes were identified to the spe-
cies level except Potamogeton in particular cases because of
hybridisation. The mean Ellenberg N-values (Ellenberg et

al., 1992) were calculated for analysing the variation be-
tween stretches.

RESULTS

In total, 24 aquatic macrophyte taxa were recorded during
the survey (Table 3). The most common species were Sagit-

taria sagittifolia, Schoenoplectus lacustris, Nuphar lutea,

Nyphaea candida, Butomus umbellatus and Sparganium

erectum.

The surveyed stretches were medium rich in macrophyte
species (from 12 to 21 taxa per site).

The largest number of species was found in stretch No. 1,
where 21 macrophyte taxa were observed, the most com-
mon submerged and emergent macrophyte species being
Butomus umbellatus, Sagittaria sagittifolia, Sparganium

erectum, Potamogeton pectinatus, P. gramineus, P. perfo-

liatus as well as floating-leaved macrophytes.

In the upper part of the stretch No. 1, Ceratophyllum demer-

sum, Potamogeton crispus, and Spirodela polyrhiza which
are often associated with eutrophic waters, were also com-
mon. In previous studies the presence of these species was
linked to the impact of Lake Burtnieks, which is a source of
the River Salaca. There is need for further investigations in
the River Salaca above Mazsalaca for assessing impact of
Lake Burtnieks and Mazsalaca.

The emergent macrophyte species Schoenoplectus lacustris,

Acorus calamus, Sparganium erectum, Phragmites australis

were common in the lower part of the River Salaca.

Floating-leaved macrophytes Nymphaea candida, Nuphar

lutea, Hydrocharis morsus – ranae as well as species with

different forms of leaves Sagittaria sagittifolia and Butomus

umbellatus were found in all stretches of the river.

In 2007, the macrophyte cover showed a high level of over-
growing in stretches No. 1, No. 5 and No. 7.

The percentage of macrophytic cover (mean average per
stretch) was compared with the results of 1986 and 2002
surveys (Fig. 2). Comparing with 1986 survey, macrophyte
cover in the river had obviously increased in 2002 and
2007. Maximum cover of macrophytes in these years ex-
ceeded 50–60% in about 40% of the surveyed lengths of the
river. The most significant increase in overgrowing was ob-
served at the stretches No. 1 and No. 4. The stretches No. 1,
No. 5 and No. 7 showed coverage of 70–90%, while no sig-
nificant changes occurred in stretches No. 2 and No. 6. The
highest species diversity and abundance of macrophytes
were typical for fast-flowing stretches.

The use of individual saprobical degrees for macrophytes
species of Latvian inland surface waters by Cimdiòð et al.

(1995) indicates that aquatic plants in the Salaca character-
ise moderate pollution. There were no significant changes in

T a b l e 2

SURVEYED ENVIRONMENTAL VARIABLES FOR EACH STRETCH
OF THE RIVER SALACA

Stretches* Flow characteristic Substrate type

1 Particulary rapid Sand, gravel, stones

2 Calm flow Sand, stones

3 Calm flow Stones, gravel, clay, muddy sand

4 Calm flow Sand, pebble, stones

5 Rapid flow Stones, gravel

6 Particulary rapid Stones, gravel, sand

7 Rapid flow Stones, gravel

*For explanation see Fig. 1.
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T a b l e 3

SPECIES FOUND IN EACH STRETCH OF THE RIVER SALACA AND
THEIR RELATIVE ABUNDANCE*

Name of species Stretches*

1 2 3 4 5 6 7 s

Acorus calamus 3 4 3 5 �

Alisma plantago-aquatica 2 2 2 2 1 2 �

Butomus umbellatus 5 2 3 4 4 3 3 �

Ceratophyllum demersum 3 �

Elodea canadensis 3 2 2 3 3 3 �

Glyceria maxima 1 –

Hydrocharis morsus-ranae 3 2 1 2 2 1 2 �

Nuphar lutea 4 4 3 4 4 4 3 �

Nymphaea candida 3 4 4 4 4 4 3 �

Phragmites australis 2 2 2 3 4 4 4 –

Polygonum amphibium 2 1 1 2 1 3 �

Potamogeton crispus 2 �–�

Potamogeton gramineus 3 2 o–�

Potamogeton lucens 2 2 3 4 2 2 �

Potamogeton pectinatus 5 3 3 3 4 �–�

Potamogeton perfoliatus 3 1 4 4 2 4 �

Potamogeton sp. 3 3 5 3 4 –

Sagittaria sagittifolia 5 5 4 5 4 3 3 �

Schoenoplectus lacustris 2 2 3 5 5 5 5 �

Sparganium erectum 4 3 3 5 3 3 3 �

Sparganium emersum 3 1 2 o–�

Sparganium sp. 1 –

Spirodela polyrhiza 4 1 2 2 1 2 �

Typha latifolia 2 1 2 �

s – saprobic degree

*For explanation see Fig. 1. Six-point scale (Drude): 1 – very rare, 2 – rare,
3 – moderately abundant, 4 – common, 5 – frequent, 6 – abundant, pre-
dominant.



comparison with 1986, and species composition indicated
moderate to good water quality. There were no significant
differences in Ellenberg N values between stretches, and the
resulting values varied from 5.5–6.4.

It is known that temperature is one of the most important
factors influencing plant growth and is especially relevant
to aquatic plants due to their close association with water
and the moderating influence of water bodies on local tem-
peratures (Burnett et al., 2007). Long-term changes in tem-
perature can cause a decrease of water depth, velocity and
subsequent changes in discharge and subsequently—aquatic
plants (Hearne and Armitage, 1993).

The analysis of the long-term changes (1927–2004) of the
River Salaca discharge in summer revealed that during the
last century, the discharge has gradually decreased (Figure
3), while spring (March–May) mean air temperatures, ac-
cording to the records of the meteorological station Ainaþi,
show an upward trend during the period from 1946 to 2007
(Fig. 4). Mean water temperatures varied between 11.3–
15 °C in May, but in April a gradual increase was observed
for the period from 1982 to 2001. Unfortunately, there is
lack of data for the period from 2002 to 2005 for complete
analysis.

DISCUSSION

Aquatic macrophytes are an important component of
aquatic ecosystems. They offer food and shelter for many
organisms and promote habitat diversity. The macrophyte
abundance and species composition in streams and rivers
are to a large extent controlled by chemical, physical and bi-
otic factors. The light availability, temperature, water flow
velocity, substrata type, sediment and water nutrient con-
centrations, inorganic carbon availability are the most im-
portant factors influencing macrophyte growth in rivers
(Vereecken et al., 2006).

Observations over the last decades indicate increasing over-
growing processes in the River Salaca. At the same time in
the outflow of the River Salaca a gradually decrease in nu-
trients N and P has occurred due to the changes in land use
patterns in the catchment area of the eutrophic Lake Burt-
nieks, which determines the chemical composition of the
upper part of the River Salaca. Further investigations are
necessary for assessment of impact on macrophyte growth
of euthrophic Lake Burtnieks. In the lower part of river, the
water quality has improved due to the increased stream ve-
locity and related biochemical processes. A significant dif-
ference in the main hydrochemical parameters—nutrient
concentrations, BOD5, COD—has not been found for the
period from 1982 to 2002 (Druvietis et al., 2007). The agri-
cultural impact on the environment has tended to decrease.
The impact of agriculture in the basin of the River Salaca
has been estimated as very low and in the basin of Lake
Burtnieks—as low (Jansons, 2000). Thus, we can assume
that the reason for river overgrowing is not due to an in-
crease in nutrients and intensive agriculture.

On the other hand, in the beginning of the previous century
the River Salaca was important for timber rafting, which
functioned as a mechanical dredge. In the 1950s, these ac-
tivities were ended. Similar disturbance by ice break-up in
spring is also no longer typical nowadays. At the same time
better growing conditions are provided by climate warming
during the previous years. Analyses of the major climate pa-
rameters show an upward trend in annual mean air tempera-
tures (Druvietis et al., 2007), especially temperatures in
spring months (Fig. 4) and water temperatures in April, de-
creasing ice cover period and increased length of vegetation
season. It is known, that aquatic macrophyte growth and
survival are clearly influenced by air temperatures (Madsen
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Fig. 2. Changes in the degree of overgrowing (in percent) of the River
Salaca for studied stretches in 1986, 2002 and 2007, for explanation see
Fig. 1.
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Fig. 3. Long-term changes (1927–2004) in the River Salaca discharge (P >
0.05) in summer (June–August).
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and Brix, 1997). Intensive macrophyte growth begins when
water temperature reaches 8–10 °C (Gessner, 1955) and
higher air temperatures allow the water to warm earlier.
Abou-Hamdan et al. (2005) pointed out that the meteoro-
logical conditions have decisive effects: the drought in sum-
mer results in particularly low water levels, which favours
overgrowing by macrophytes. In the Salaca we did not ob-
serve a statistically significant decrease in river discharge
but a decreasing trend of decrease since 1927 was noticed
(Fig. 3). Thus, we can hypothetically assume that this de-
crease may effect the growth of macrophytes in the Salaca.

The relationship of aquatic macrophytes to the substrate in
which they grow is complex: they may start to grow in a
certain type of substrate, but while building the structure of
their plant stand, they collect material from the suspended
matter load of running waters, which modifies the substrate
type found under their stand over a length of time. The abil-
ity of submerged and emergent macrophytes to modify the
stream environment and promote the trapping of suspended
matter has been widely noted (Chambers et al., 1991;
Sand-Jensen, 1998). Trapping of suspended matter is
achieved through a combination of processes. Submerged
and emergent plants reduce water velocities within their
stands, sometimes by more than 90% (which is also noticed
in the Salaca) relative to the adjacent open water
(Sand-Jensen and Pedersen, 1999), and this induces sedi-
mentation and retention of fine material and organic parti-
cles (Sand-Jensen, 1998). These deposited sediments then
increase the available area for more macrophyte to take
root, which in turn increases sediment deposition. Clarke
and Wharten (2001) propose that abundant macrophyte
growth in rivers can result in the build-up and retention of
organic matter leading to elevated concentrations of total N
and organic C and a high proportion of fines in the sedi-
ments. And as pointed out by Vereecken et al. (2006), de-
spite many benefits, dense stands of macrophytes can limit
the discharge capacity of lowland rivers. The increasing
cover of macrophytes possibly could be also one of the fac-
tors for a decrease in the discharge capacity in the lower
part of the River Salaca. Observations confirm that sedi-
mentation processes are also obvious in the River Salaca,
and re-cultivation of the more overgrown places is needed
to secure optimal discharge (A. Urtâns, personal communi-
cation).

Thus, rapid macrophyte growth can affect processes in the
ecosystem, which is especially important regarding spawn-
ing areas for salmonids in the River Salaca. Macrophytes
create physical barriers to flow and affect also tourism pos-
sibilities and biological diversity.

Further investigations are necessary to understand changes
in the ecosystem of the River Salaca. To improve spawning
areas for salmons, weed clearance was conducted by the
North Vidzeme Biosphere Reserve administration in sepa-
rate stretches of the lower part of the river in 2006 and
2007, which will allow observing the re-establishment of
vegetation. The future monitoring aims include characteris-
ing ongoing changes in vegetation structure of the river, es-

pecially for those river stretches where overgrowing is
expected to increase.
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KLIMATA IZMAIÒU POTENCIÂLÂ IETEKME UZ AUGSTÂKO ÛDENSAUGU VEÌETÂCIJU SALACÂ

Augstâko ûdensaugu sugu sastopamîba un kopçjais aizaugums ar ûdensaugiem Salacâ pçtîts 2007. gada vasarâ. Konstatçti 26 augu taksoni.
Sugu sastâvâ dominç ezera lielmeldrs Schoenoplectus lacustris, bultene Sagittaria sagittifolia, dzeltenâ lçpe Nuphar lutea, ûdensroze
Nymphaea candida, puíumeldrs Butomus umbellatus. Plaði izplatîtas arî daþâdu sugu glîvenes Potamogeton sp. Kopçjais aizaugums ar
ûdensaugiem Salacâ ir mozaîkveida, augstâkâ aizauguma pakâpe konstatçta upes krâèainajos posmos, kur tâ sasniedz 70–90% no upes
virsmas. Balstoties uz agrâkajiem 1986. un 2002. g. pçtîjumu rezultâtiem, salîdzinâtas aizauguma pakâpes izmaiòas vairâkos Salacas
posmos un apskatîti iespçjamie izmaiòu cçloòi. Strauji pieaugoðais upes aizaugums Salacâ ir potenciâli saistîts ar klimatiskajiem
faktoriem – augstâkâm gaisa temperatûrâm pavasara mçneðos, agrâku pavasara iestâðanos un ledus segas biezuma samazinâðanos, kâ arî ar
mazâku dienu skaitu, kad upi klâj ledus.

Received 21 January 2008



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


