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Restoration of proper hydrological conditions 

 in Amalva and Kamanos bogs (Lithuania) 

WETLIFE2 (2014-2018) 
 

Project overview 

 

Welcome to the brief overview of 
WETLIFE2 project that has been 
recently completed and lasted 4 
years. It aims at highlighting 
specific issues that might be of 
interest for similar bog 
restoration projects.  

Project was funded by:  
EU LIFE program,  
Republic of Lithuania and  
project partners: 
 

 
Nature heritage fund 

 

Kamanos state strict nature 
reserve directorate 

 

Žuvintas biosphere reserve 
directorate 

 

Marijampolė municipality 
administration 

 

State forests enterprise 

Residual Kamanos Lake surrounded by bog

 Project website - www.wetlife2.gpf.lt                                                                  

 

Key project objective - restoration of hydrological conditions in Amalva (part of SCI and SPA) and 
Kamanos (SCI and SPA) wetlands in order to rehabilitate priority bog and swamp wood habitats 
and secure provision of ecosystem services.  

Secondary objectives included development of more sustainable agricultural practices in the 
peatlands adjoining Amalva bog and raising public awareness of peatland ecosystem services and 

importance of mire conservation. 
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Project sites and implemented actions 
 
Project sites are located in two distinct sides of Lithuania (scheme below). Kamanos mire is protected as strict nature 
reserve, while part of Amalva site - as nature reserve. All Amalva peatland is part of Žuvintas biosphere reserve
ecosystem restoration zone. 
 

Key habitats in Kamanos site include: 91D0* Bog woodland (1208 ha), 7110* Active raised bog (990 ha), 9050 
Fennoscandian herb-rich forests with Picea abies (484 ha), 9080* Fennoscandian deciduous swamp woods (440 ha), 
9010* Western taiga (128 ha) and 7140 Transition mires and quaking bogs (54 ha). 
 
Amalva site is dominated by 7120 Degraded raised bog (831 ha). 91D0* Bog woodland and 9080* Fennoscandian 
deciduous swamp woods cover 104 ha and 135 ha. 
 

 
Key project actions focused on restoration of hydrological conditions. 
Plastic sheet pilling was used for blocking of the drainage ditches in remote 
places of difficult accessibility in Kamanos site. Building material and 
workers were transported with low ground-pressure machinery. Ground 
material was used for terminal dams at the edges of the mire.  
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Hydrological conditions: balancing on the edge 

 
Both raised bogs targeted by the project receive low 
yearly precipitation - on average slightly more than 600 
mm/year, according to data for the last almost 100 years. 
This makes these ombrotrophic ecosystems sensitive to 
even minor negative changes in water balance.  

Kamanos is a typical watershed divide raised bog. It has 
well expressed dome with steep to very steep slopes (0,5-
3,5 %). There are no higher hills in the surroundings than 
the bog dome (3-4 m high). Analysis of the bog hydrology 
revealed meaningful downward vertical movement of 
water in the central part and discharge at the margins, 
adding to surface run-off that accounts for 9-12 % of 
annual precipitation.  

A network of drainage ditches increased surface run-off 
in the periphery, but also water gradient and 
consequently vertical water discharge from the bog 
cupola. One ditch was dug to the very residual lake and 
lowered water level by more than 1 meter, causing 
subsidence of peat, increase in lake water discharge 
eastward and decrease northward.  

Restoration of hydrological conditions started in 2006. In total 14 km of drainage ditches were blocked. WETLIFE2 
project took care of the remaining 37 km of ditches in the strict nature reserve (scheme, page 2). 

The overall impact of restoration on the bog hydrology is still to be revealed. However, monitoring results from 8 long-
term water level monitoring transects in all parts of the bog and 5 additional transects installed during WETLIFE2 
project suggest the following preliminary results: 

The most significant impact registered until now was in the north-
western part of the bog, where ground water level used to be lowest 
and has increased from on average 24.1 cm (1990-2006) to 13.3 cm 
(2007-2016) below the surface, comparing with few centimetres 
increase in other parts of the bog. It is tempting to speculate that 
blocking of the ditch-outlet of the lake could influence such a change. 
There was also registered an increase in population of Wood Sandpiper 
(Tringa glareola), known for affinity to high water table, in the context 
of decreasing population in most of other wetlands in the country. 

Blocking of the marginal drainage ditches substantially (in certain cases 
up to 100 %) reduced peak and yearly runoff from the mire. Most of the 
water concentrated in the lower depressions, causing defoliation of 
trees (picture below) and increased evaporative cooling. It is rather 
difficult to predict to what extent this will affect general state of the 
bog and all mire complex, but every measure improving water balance 

counts under existing climatic constrains. 

Effect of ditch blocking on water table in the 
adjoining habitats differed in different places. 
Increase in water table ranged from approximately 7-
13 cm in active raised bog, bog woodland, transition 
mire to 24-44 cm in lag zone and spruce-pine forest 
that developed after the drainage, 62-67 cm in 
mineral soil neighbouring lag zone. These are just 
preliminary results, as recent completion of most of 
the restoration actions and varying yearly climatic 
conditions prevent from drawing statistically sound 
conclusions. 

In contrast to Kamanos, Amalva bog is located within 
the watershed (page 4). Amalva River crosses the 
mire and residual Amalvas Lake. At least four other 
rivulets (mostly seasonal and currently straightened) 
bring water to the mire from 10 m higher hills (glacial 
deposits) in the north and the west. Bog slopes are 
not steep (1 % and less) and gradually transit into 
peripheral peatlands (former fens).  
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Central part of the bog dome is on average 2,5 m higher than the lag zone. Mineral ridge entering bog from the west 
used to prevented water flow to the south, thus water used to accumulate along the western margin (more than 1 m 
higher than the lake), to form lag stream going around the north-western part of the bog that discharged into the lake 
from the north. Unfortunately, land melioration changed situation in the second half of the XXth century by lowering 
water table by 1,5-2 m in the adjoining peatlands and directing part of incoming water to the south along the western 
margin of the bog. Lake water level regulation was introduced to support management of polderized area in the 
northern part of peatland. Such changes had significant impact not only on the peripheral peatlands that were 
transformed into grasslands - all bog was affected and started degrading. It became quite common for water level to 
drop during drier periods below 30 cm from the surface in substantial parts of the bog (300-600 m from the ditch). 
Permeable sandy ground underneath the peat layer played important role here. 

Restoration of hydrological conditions was initiated in 2010. Restoration measures included blocking of drainage 
ditches and clearing trees (210 ha), reconstruction of polderized area (638 ha), reconnection of 50 ha of bog margin 
and re-naturalisation of hydrological regime in the lake (scheme illustrating implemented actions can be found: 
wetlife.gpf.lt/images/File/Zuvintas-bukletas-En-web.pdf) 

WETLIFE2 project mainly targeted restoration of ground water table and water flow in the northern and western 
margins of the bog. This was achieved by raising water level in the drainage ditch with a help of two concrete spillways 
and one dam, directing water to the lake along the bog margin (lag), as it used to be before land melioration. A system 
of dikes was reconstructed to sustain water and prevent from flooding neighbouring grasslands. Almost 30 ha had to 
be purchased from private owners (scheme, page 3).  

Project actions were completed at the end of 2018, therefore first monitoring data illustrating changes in water table 
will be available just in 2019. According to relief model and theoretical calculations, direct increase in water table is 
expected on at least 200-370 ha. Restoration of hydrological conditions on the western and northern margins is 
considered a key tool in facilitating regeneration of active raised bog habitat. Additionally, higher water table should 
reduce emissions of greenhouse gasses by at least 2500 t (CO2 eqv.)/year, reduce release of nitrogen to surface waters 
by 0,6 t/year and  (based on “MoorFutures” methodology, Joosten, 2015).  

Climate change is an increasing threat for active raised bogs and might significantly affect success of their 

restoration, especially in locations with already constrained climatic conditions. Long term (almost 100 years) climatic 
data from meteorological station 30 km south from Amalva site was analysed by WETLIFE2 project and revealed 
increase in temperature and consequently in potential evapotranspiration (PET) by 60 mm/year and crossing 600 mm 
threshold (in 1980-ies), which is indicated by some authors as a limit for raised bog distribution (Verhoeven, 1992). 
Bogs usually experience water shortage during the vegetation period, when evapotranspiration rate is highest, 
therefore April-October period was analysed in more details. Vegetation period precipitation decreased in the second 
part of the XXth century and actually coincided with a period of land melioration. Later it reached levels similar to those 
observed in the beginning of the XXth century, however due to increase in PET, net rainfall1 is currently lower (figure 
below). As actual evapotranspiration (ET) from bogs during vegetation period is usually lower than PET (ET/PET can 

be around 0.55 (Lafleur, 2005), approximately 
100-150 mm of surplus precipitation might still 
be available. 

Data indicate increasingly restricted 
hydrological conditions that raise difficulties 
in restoring and conserving active raised bog 
habitats. Lack of climatic scenarios to reflect 
changes on local scale adds to uncertainty of 
the future.  

Apart from total water balance, distribution of 
precipitation over the year and vegetation 
period plays important role. Substantial dry 
spells were recorded during WETLIFE2 project 
(2015, 2018), which led to noticeable 

desiccation with an impact potentially lasting longer than one year.  

Under such conditions all possible measures affecting water balance were considered important, including 
improvement in local microclimate to mitigate climate change impact on the raised bog. However, limited knowledge 
is available about potential of such measures. Local microclimate can be mediated by raising water table in the 
surrounding peatlands and thus increasing evaporative cooling (Joosten, 2015), air humidity and therefore contributing 
to improved water balance in the very active raised bog.  WETLIFE projects targeted this issue focusing on restoration 
of water table in the whole peatland rather than raised bog itself, however the combined outcome of restoration actions 
and climate change in terms of ensuring restoration/conservation of 7110* active raised bog is still to be seen.  In the 
context described above it could be recommended to prioritise restoration of this valuable habitat in more favourable 
climatic conditions. Meanwhile, improvement of water balance in the above mentioned peatlands will contribute to 
improved ecosystem services, namely carbon, nitrogen storage and better conditions for biodiversity.  

                                                 
 
1 The average decadal vegetation season net rainfall (NR) was calculated by subtracting the average decadal vegetation season potential evapotranspiration (PET, mm) from the 
average decadal vegetation season precipitation (P): NR = P – PET. PET was calculated according to the Thornthwaite (1948) equation. PET depends on the local conditions, as 
temperature and vapour pressure are affected by the movement of air and heating of the soil and surroundings, therefore just a trend rather than absolute values should be considered.  
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Fighting trees in the bog 
 
Fighting trees is often an important part in 
raised bog restoration projects, even though 
long-term effectiveness of such measures 
might sometimes be controversial.  

WETLIFE2 project also included this action. 
Clearing of trees was applied in Amalva in two 
parts of 7120 degraded raised bog of similar 
size with different degree of degradation. In 
total almost 150 ha were cleared. More 
degraded part was previously cleared by the 
WETLIFE project in 2009-2010 before 
blocking drainage ditches. Clearing of trees 
(mostly birches) led to substantial increase in 
water table (approximately 0,5 m), indicating 
impact of trees on evapotranspiration. 
However, later blocking of ditches didn’t 
prevent from vigorous regrowth of birch 
shoots and periodical clearing of was not very 
effective. 

WETLIFE 2 project aimed at complete elimination of already existing birch trees and applied methodology proposed by 
LIFE05 NAT/DK/150 project. It is based on repetitive cutting of shoots (2-3 years, 2-3 times per year) leading to 
effective “blocking” of photosynthesis and destroying basic birch life functions (Stenild, 2010). Unfortunately this 
method didn’t work in more degraded (southern) part of the bog. Number of alive birch stumps on average decreased 
by less than 6 % after 2 years of repetitive (2 times per year) cutting  of shoots (brush-cutters were used), while 
number of shoots remained almost the same. However, this method proved to be quite efficient in less degraded area. 
On average 53 % of birch stumps were dead after 3 repetitive cuttings of shoots (2 times per year), while number of 
shoots per stump decreased by 78 %. The key differences between the sites were: lower and uneven cover of Sphagnum 
moss, more compacted and mineralized peat in more degraded (southern) part. It is not easy to say whether 
hydrological conditions played role here, as number of monitoring plots for measuring tree survival was bigger than 
number of water level measurement wells. However, in monitored sites water table was quite similar. Amounts of 
nutrients were not measured, however vegetation clearly indicated more fertile conditions in the southern more 
degraded part of the bog.  

As repetitive cutting didn’t yield results in 
more degraded part, the project turned 
to application of glyphosate based 
herbicide. It was tested on several 
hectares first and proved to work well 
(picture on the left, illustrating a clear 
border between areas without/with 
herbicide application). No obvious 
damage could be seen on vegetation 
surrounding the stumps. Agricultural 
sprayers were used for herbicide 
application. Experienced workers, 
plastic hoods and windless days helped in 
preventing damage to surrounding 
vegetation. However, despite being 
effective, application of herbicides for 
nature conservation is controversial. 

Clearing of trees and raising of water table in more degraded part resulted in increase in cover of Spagnum moss (from 
20/60 % to 70/90 % respectively closer/further from the blocked ditches) and Oxycoccus pallustris during first years, 
appearance of Sphagnum fallax, indicating increase in wetness. Later increase in scrub (Ledum palustre, Calluna 
vulgaris) density led to 10 % decrease in Sphagnum cover in the locations further from the blocked ditches. Dry 2014 
and 2015 could probably contribute to this change, however availability of nutrients and increase in light reaching the 
scrub layer could be the main reason. It is possible that clearing of trees made the area more attractive for Asio 
flammeus, which was repeatedly sighted there, however no breading was registered.  

There are no results available from less degraded part, as clearing was completed just in 2018. No significant effect on 
evapotranspiration is expected, as trees were substantially smaller and sparsely distributed (first picture). Clearing of 
trees in this part was more focussing on providing better light conditions for Sphagnum moss and restoration of open 
bog area for formerly abundant curlew (Numenius arquata). Comparatively cheap (~100 EUR/ha) elimination of trees 
and expected relative sustainability of results were important arguments behind clearing initiative.  
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Management of adjoining peatlands 
 
As it was already mentioned above, WETLIFE2 and previous projects had an aim to raise water table in the areas 
adjoining Amalva bog in order to improve hydrological conditions for raised bog habitats and at least partially restore 
ecological integrity of the wetland and ecosystem services affected by drainage. Agricultural and forestry interests in 
the area were obviously in conflict with such changes, however common understanding and compromise was achieved 
in most cases. All drainage systems in forested areas, predominantly owned by the state, were already blocked or will 
be blocked (remaining 280 ha) during coming years according to the nature management plan prepared by the 
WETLIFE2 project.  

Private ownership in agricultural areas prevented from fast solutions. The key areas (approximately 60 ha) were 
purchased by the WETLIFE and WETLIFE2 projects, or are expected to be purchased (110 ha) in the coming years. The 
remaining approximately 300 ha will remain drained for now, however any improvement in drainage system is 
prohibited in the territorial planning documents. Furthermore, water management in the polderized 638 ha area north 
from the bog is adjusted to balance carbon storage, support for biodiversity (mainly bird species) and grass biomass 
production. Spring floods are allowed in the polder and at least 3+ soil moisture class (water level 15-45 cm from the 
surface) has to be maintained in the peatland area. Automatic water level measurement equipment was installed during 
the project and data are directly available on the website for better control of water management operations by all 
interested parties (mainly farmers, municipality and nature conservation organisations).  

Farmers are encouraged to maintain constant grass cover in 
agricultural peatland areas. Such measure reduces peat 
mineralisation rate and supports grassland biodiversity. 
Projects provided two starting herds (each consisting of 15 
heifers and 1 bull) of beef cattle for farmers’ motivation and 
meaningful utilization of grass biomass (picture on the right). 
Restoration of grasslands in arable peatlands was also 
motivated by recommending and providing the most suitable 
seed material. More than 130 ha of grasslands were restored 
during the last 5 years. It is worth noting that raising of water 
table enabled more than doubling of the wetland area (totalling 
660 ha) eligible for agri-environmental payments, thus 
providing additional economic motivation and benefits for local 
community. It should also be noted that approximately 100 ha 
became too wet for management using conventional machinery 
and will most likely be excluded from agricultural use. Area 
might double in the coming decade if all planned restoration is 

successfully completed. 

Improved water management in the area with regulated water level increased 
its importance for birds. Spring floods strongly correlated with numbers of 
migratory species, as well as number of breeding corncrakes (Crex crex). It was 
found that proper regulation of water level (timely spring floods) and extensive 
management increased importance of the area from 25-45 % to 55-75 % of 
corncrake population breeding in Amalva area. Additionally, numbers of 
breeding indicatory wetland birds (lapwings, common snipes, common 
redshanks and black-tailed godwits) was supported and increased. Restored 
wetland areas also became important for European Fire-bellied Toad (Bombina 
bombina).  

A number of species benefit from hydrological restoration and extensive 
management of peatlands adjoining core bog areas. Black grouse (Tetrao tetrix) 

is one of target bog species to be noted. However we found that restoration 
measures attracted moose, elk and consequently had a positive impact on wolves breeding in the bog. 

Experience gained by restoration work carried out in the project sites highlights importance of treating peatlands as 
hydrologically and ecologically integral units. Importance of raised bogs’ lag zones and water table in the adjoining 
areas does not always receive required attention in the restoration projects (Howie, 2011). It’s obvious that local 
climatic, ecological and hydrological conditions might make these interconnections more or less important. However, 
most of mires’ value and beauty can only reveal itself if its integrity is respected and sustained. 
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