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Abstract 
This study focuses on how established shrub seedlings (Salix myrsinifolia x phycilifolia and 
Vaccinium vitis-idaea) develop in historical milking grounds. Historical milking grounds are 
cultural remains from the intensive reindeer herding era when the Sami migrated with closely 
controlled herds. Although the places were never fenced, the high concentration of reindeer 
close to the tenting grounds created patches of grass and forb dominated vegetation in areas 
outherwise dominated by deciduous or ericoid shrubs. Despite about 100 years of 
abandonment the shrubs have not come back and the milking grounds are still clearly visible 
in the landscape. One theory why the former milking grounds are so stable is that shrubs 
cannot establish from seedlings due to unfavorable abiotic conditions, or due to competitive 
dominance of already established forbs and grasses. I tested this hypothesis by planting shrub 
seedlings in the milking grounds and in reference areas, with and without neighboring 
vegetation and investigated seedling survival and growth. The results show that shrub 
seedlings are able to both survive and develop in milking grounds suggesting that the seedling 
state is not the limiting factor in shrub encroachment in the milking grounds. 
 
Keywords: Milking ground, shrub seedlings, seedling establishment, reindeer, grazing, 
tundra, vegetation shift  
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1 Introduction 
 

1.1 Background 
 
1.1.1 Herbivore induced vegetation shifts 
The impact of herbivory on plant communities has been studied by ecologists for decades. 
Several studies have investigated how vertebrate herbivores affect the tundra vegetation in 
alpine and subalpine environments (Jefferies et al. 1994). Most studies reveal minor or 
moderate changes in plant species composition due to herbivores in arctic ecosystems 
(Jefferies et al. 1994). However herbivores can in some situations cause dramatic vegetation 
shifts, like the transition from moss and lichen dominated tundra to a plant community 
dominated by graminoids and forbs (Olofsson et al. 2001; Van Der Wal and Brooker 2004; 
Zimov et al. 1995). For example, Zimov et al. (1995) argue that at the end of Pleistocene, the 
disappearance of large herbivores were responsible for a biome shift from steppe to moss 
dominated tundra vegetation. This means that grazing animals most certain were one of the 
main reasons that the steppe grasslands were present there in the first place. In a review, Van 
Der Wal (2006) discusses that tundra communities can occur in three stable states (lichen, 
moss and graminoid) and the driving factor between these states is herbivory. 
 
Large herbivores add disturbance such as grazing and trampling as well as fertilization in the 
form of faeces and urine to the system. Partly the vegetation shift is an effect of plants being 
variously resilient to grazing. Grasses are known to be highly competitive in grazed systems 
thanks to their basal meristem being located below grazing level. This results in a high 
resilience to grazing since they are able to re-grow new photosynthetic tissue (Begon et al. 
2006; Wright and Illius 1995). Also, the disturbances decrease the thickness and cover of the 
moss layer, which increases the soil temperature and promotes the growth of graminoids (Van 
Der Wal and Brooker 2004). The presence of grazers also enhances nutrient cycling in the soil 
resulting in an increase in plant available nitrogen. Some studies have even showed that faeces 
addition alone can act as a driver to the development of graminoid-rich plant communities 
(Olofsson et al. 2004; Van Der Wal et al. 2004). These findings suggest that grazers are able to 
create their own food resources, which might be especially important in resource-poor 
ecosystems such as the alpine tundra. If grazers drive the vegetation shift from shrub-
dominated vegetation to grass and herb meadows, it implies that removal of grazing should 
cause a vegetation shift back to shrub-dominated vegetation. There are studies both 
hypothising and showing this effect in alpine ecosystems (Brandt et al. 2013; Zimov et al. 1995). 
This is also common in the agricultural landscape in the lowlands where overgrowing semi-
natural grasslands such as abandoned pastures are considered to be a serious threat to 
grassland biodiversity (Eriksson et al. 2002). 
 

1.1.2 Impact of grazing by large herbivores in the Fennoscandian mountains 

In Fennoscandia the mountain regions have been affected by human activity connected to 
reindeer herding. During centuries the Saamis have lived in the area and used the land 
resulting in a long term effect on the landscape (Grøn et al. 1999). Back in time, the Saami 
people where more nomadic with smaller herds of tamed reindeer (Aronsson 1991). In order 
to find food resources for the animals during summer the nomadic Saamis moved around with 
the reindeer across the mountain area, returning to the same places year after year during 
centuries. This kind of reindeer herding is referred to as intensive reindeer herding referring 
to intensive human control (Aronsson 1991).  During this time reindeer milk was an important 
product for both the household and the market (Tømmervik et al. 2010) and there were areas 
adjacent to the settlements where the reindeer were driven together for milking (Aronsson 
1991). Due to grazing, trampling and fertilization from urine and droppings, the vegetation in 
these areas shifted from shrub-dominated tundra vegetation into productive grasslands. Today 
these areas are called historical milking grounds or milking meadows. 
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The historical milking grounds have not been actively used for about a century but they are still 
clearly visible in the landscape as more or less oval-shaped grass and herb dominated meadows 
surrounded with tundra heath vegetation (Grøn et al. 1999). The vegetation in the milking 
grounds does not seem to change back to its original state, or at least the process seems to be 
slow. An arising question is why? One hypothesis is that shrub seedlings are unable to establish 
and develop in the milking grounds. This might be due to changed soil conditions (Olofsson et 
al. 2004), current grazing (Olofsson et al. 2009), or dominance of the existing meadow 
vegetation (Austrheim and Eriksson 2003). Based on topography and surrounding vegetation 
the milking grounds are believed to have had different vegetation types before they were 
grazed. If the initial vegetation type have any effect on recruitment of shrubs is not known. This 
study focuses on how shrub seedlings develop in milking grounds compared to shrub 
vegetation and the effect of neighbor removal in both vegetation types. The study will also 
investigate whether or not the initial vegetation type have any effect on the development of 
shrub seedlings.  
 

1.2 Aim 
Since the milking grounds do not seem to be recolonized by shrubs although the active use of 
them ended about a century ago, it was interesting to test what happens to shrub seedlings 
when they are introduced into these systems. The aim of the study was to investigate how the 
survival and growth of shrub seedlings was affected by the milking ground habitat, competition 
from neighboring plants and initial vegetation type of the milking ground.  
 

1.3 Hypotheses 
 

1. The initial vegetation type does not affect the survival and growth of shrub seedlings. 
 

2. Shrub seedlings have a lower survival and a lower growth in milking grounds compared 
to control plots. 

 
3. Shrub seedlings have a lower survival and a lower growth with competition from 

neighboring than without competition. 
 
 

2 Method and materials 
 

2.1 Study area 
 

2.1.1 Study area 

The study was carried out in five historical milking grounds in the area between Staloluokta 
and Staddajåhkå in Padjelanta National Park, province of Lapland Sweden (Figure 1). The 
study sites are scattered across a valley surrounded with mountains with generally calcareous 
bedrock. Also the soils are in general calcareous, which results in a species-rich flora including 
orchids, Rhododendron lapponicum, Dryas octopetala and Bistorta viviparum. Otherwise the 
area is mostly covered with subalpine tundra vegetation such as Betula nana, dwarf shrubs 
(Empetrum nigrum, Vaccinium sp., dwarf Salix sp.), Silene acaulis and willow thickets 
containing Salix lapponum, Salix glauca and Salix hybrids. A few rivers run through the 
landscape and empty in the lake Virihaure at the beach of Staloluokta. Carex-dominated 
wetlands including different kinds of Eriophorum species also occur. 
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Figure 1. The map show the study area located between Staloluokta and Staddajåhkå. The five study sites are 
marked out as one low shrub site (L) and four high shrub sites (H1, H2, H3, H4). 

 

2.1.2 Human activity in the area 

The whole area has been affected by human activity through many centuries of reindeer 
(Rangifer tarandus) herding. Reindeer marking pens, Saami campsites and historical milking 
grounds are scattered throughout the landscape, creating island of grass and herb dominated 
meadows. The area is still used for reindeer herding, hence some of the reindeer marking pens 
are currently in use during calf marking and slaughter season. The campsites and milking 
grounds have not been actively used for about 100 years (Aronsson personal comment). In 
addition, the region is today frequently used by hikers. 
 

2.2 Experimental design 
Seedlings of Vaccinium vitis-idaea (further on only Vaccinium) and Salix myrsinifolia x 
phylicifolia (further on only Salix) were grown in Umeå, Sweden, in spring 2014. They were 
grown from seeds in planting soil, starting inside a greenhouse and taken outside afterwards. 
The seeds came from the area around Umeå since no seeds from the study site were available 
at the time of the experiment. These species were used since they are examples of shrub species 
that occur adjacent to milking grounds. A total of 240 Vaccinium seedlings and 600 Salix 
seedlings were planted out in the study sites in early July 2014. Differences in survival and 
growth of seedlings of the two shrub species, inside and outside the historical milking grounds, 
were investigated. In addition to that, interactions with neighboring plants were investigated 
by removing surrounding vegetation. To test if there is any effect of the initial vegetation type 
of the milking grounds, four sites classified as Salix sites and one site classified as a Betula 
nana site were used.  
 

2.2.1 Study sites characteristics 

The Salix control plots were covered with different Salix species up to 70 cm high. Dwarf shrub 
species such as Vaccinium sp. and Empetrum nigrum also occur, as well as some herbs and 
graminoids. In the Betula nana control plot, lower shrubs such as Betula nana, Empetrum 
nigrum, and Vaccinium spp. were dominant. In this plot there were also an approximately two 
cm layer of Betula nana litter on the ground (Figure 2). The control plots (C) were selected 
based on what the initial vegetation in the milking ground was believed to have been. The Salix 
sites will further on be referred to as high shrub sites and the Betula nana site will be referred 
to as a low shrub site. 
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The historical milking grounds used in this experiment are between 30-100 m in diameter and 
are dominated by grass (Festuca ovina, Deschampsia flexuosa, Deschampsia caespithosa), 
carex (Carex bigelowii, Carex brunnescens) and herbs (Rumex acetosa, Saussurea alpina, 
Campanula rotundifolia). The vegetation in the high shrub milking grounds were more dense 
and higher than in the low shrub milking ground (Egelkraut personal comment) (Figure 2). 
Since the milking ground plots are influenced by grazing they will also be referred to as grazed 
(G) in the text and figures.  
 
 

 
 
Figure 2. On-site pictures of the control plot and historical milking ground in low shrub and high shrub. The white 
lines point out the approximate location of a plot. 
 

2.2.2 Experimental setup 

Each of the 5 study sites consisted of 2 plots (5x10 m), one milking ground (G) and one control 
plot (C). Each plot consisted of 3 blocks (1x1 m) with 2 treatments (vegetation removal (R) and 
control treatment (C)). The seedlings were planted in species and treatment specific rows, in 
each row 10 individuals were planted 5 cm apart. For the rows with R treatment a vegetation 
free runway was created (50x5 cm). The rows ran parallel 15 cm apart in east to west direction 
(see figure 3). Directly after planting 100 ml of water was added to each row. Due to a limited 
amount of Vaccinium seedlings these were only planted in the low shrub site and in one of the 
high shrub sites, these sites contained 4 rows in each block. In the remaining high shrub sites 
only Salix seedlings were planted and therefore there were only 2 rows per block. 
 

 
 
Figure 3. The figure shows a sketch of the experimental setup. The sites were either high shrub or low shrub sites. 
In each site there were one plot in a historical milking ground (G) and one control plot (C). The plots were divided 
into 3 blocks marked out as grey boxes in the sketch. Within each block there were species-specific rows with either 
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Salix (S) or Vaccinium (V). The 2 rows with the same species were treated with either vegetation removal treatment 
(R) or control treatment (C) (no vegetation removal). For the rows with R treatment a vegetation free runway was 
created (50x5 cm). The rows/runways were running in east to west direction and placed parallel 15 cm apart. 

 
The seedlings planted in the early July were measured directly after planting (period A). After 
approximately 10 days (period B) and 42 days (period C), living seedlings were counted and 
re-measured. The height was measured from the ground to the highest point of an outstretched 
plant, including leaves. Leaf size was measured as the length from the base to the top of the 
longest leaf on each plant, petiole included. The measuring was carried out using a digital 
calliper. 
 

2.3 Statistical analysis 
All statistical analyses were performed using R software (version 3.0.2) (R Core Team 2014). 
Before any statistical tests were carried out, the data were plotted to check if assumptions of a 
normal distribution and constant variance were met. To analyze the eventual differences in 
survival and relative growth 3-way ANOVA’s testing the variables initial vegetation type (V, 
low shrub and high shrub), plot type (P, milking ground and control) and treatment (T, 
removal treatment and control) were carried out. In order to avoid pseudoreplication due to 
spatial dependency between seedlings the measurements and proportion of living seedlings 
were averaged out per row. All the statistical tests were therefore carried out on the mean of 
each row. 
 
 

3 Results 
 

3.1 Climate 
During the time the seedlings were monitored the weather conditions were dry. The monthly 
precipitation was only 50-75% of the monthly average precipitation (25mm) and during the 
first month (July) the temperature was 7˚C higher than the monthly average temperature 
(16˚C) (Table 1). In a large proportion of the seedlings that died, drought seems to have been 
the cause of death. A loss of leaves in the Salix seedlings was also noted. 
 
 
 
 
Table 1. Climatic data for the duration of the field experiment based on data from Kvikkjokk climate station (SMHI 
2014a, b, c, d, e, f, g, h). 
 

 JULY AUGUST 

Monthly average precipitation 25 mm 50 mm 

Deviation in monthly average precipitation 50-75% 50% 

Monthly average temperature 16˚C 8-10˚C 

Deviation in monthly average temperature +7˚C +1˚C 

 

3.2 Survival 
 

3.2.1 Salix myrsinifolia x phylicifolia 

The short term survival (period B) of Salix seedlings was lower in the milking grounds in the 
low shrub site (Table 2, V*P), while no such difference were detected in the high shrub site. 
Removing neighboring vegetation decreased the short term survival (Table 2, T). Also the long 
term survival was lower in the milking grounds in the low shrub site with no corresponding 
difference in the high shrub one (Table 2, V*P). Survival was also lower following neighbor 
removal (Table 2, T). In both high shrub and low shrub the removal treatment had a lower 
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survival than the control treatment in the control plot (Figure 4a). This was probably due to 
the effect of the treatment in itself but there was also a nearly statistically significant interaction 
between plot type and treatment (Table 2, P*T). 
 
Table 2. Result from a 3-way ANOVA testing the survival of seedlings of Salix myrsinifolia x phycilifolia and 
Vaccinium vitis-idaea approximately 10 days after planting (period B) and 42 days after planting (period C). The 
source of variance tested is initial vegetation type (V), plot type (P) and treatment (T). Significant values are written 
in bold text.  

3-way ANOVA, survival 
 

Salix myrsinifolia x phycilifolia     

  Period B   Period C  

 Source of 
variance 

 
df 

 
F 

 
p 

 
df 

 
F 

 
p 

 V 1, 52 14.568 0.0004 1, 52 71.51 2.44e-11 

 P 1, 52 0.297 0.588 1, 52 5.05 0.029 

 T 1, 52 4.423 0.04 1, 52 6.169 0.016 

 V*P 1, 52 24.853 7.25e-06 1, 52 3.147 0.012 

 V*T 1, 52 2.19 0.145 1, 52 0.056 0.814 

 P*T 1, 52 0.297 0.588 1, 52 6.77 0.082 

 V*P*T 1, 52 1.189 0.281 1, 52 0.787 0.379 

Vaccinium vitis-idaea    

 V 1, 16 1.887 0.189 1, 16 7.96 0.012 

 P 1, 16 1.208 0.288 1, 16 0.08 0.782 

 T 1, 16 0.075 0.787 1, 16 1.99 0.178 

 V*P 1, 16 1.208 0.288 1, 16 2.408 0.14 

 V*T 1, 16 0.679 0.422 1, 16 0.02 0.89 

 P*T 1, 16 0 1 1, 16 1.612 0.222 

 V*P*T 1, 16 0 1 1, 16 0 1 

 
 

3.2.2 Vaccinium vitis-idaea 

Both the short term and long term survival of Vaccinium seedlings were higher than that for 
the Salix seedlings (Figure 4a and 4b). In contrary to the Salix none of the studied 
environmental variables had any statistically significant effect on the Vaccinium survival in 
period B, and the only statistically significant long term effect was the higher survival in high 
shrub compared to low shrub in period C (Table 2, V). However, the long term survival in, the 
treatments GC, GR and CR in low shrub show the same pattern as for Salix with a lower 
survival than CC. The lack of statistically significant differences for Vaccinium might be a result 
of the smaller sample size, but also by the lower effect sizes. 
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Figure 4. Survival (%) for seedlings of Salix myrsinifolia x physilifolia (a) and Vaccinium vitis-idaea (b) about 10 
days after planting (period B) and about 42 days after planting (period C). The survival is presented for different 
combinations of plot types (control plot (C) and historical milking grounds (G)), treatments (control treatment (C) 
and vegetation removal treatment (R)) and initial vegetation type (high shrub and low shrub). The error bars 
represent the standard error. 

 

3.3 Relative growth 
 

3.3.1 Salix myrsinifolia x phylicifolia 

Neighbor removal reduced relative growth rate in the low shrub milking grounds, increased it 
in the low shrub controls, and had no effect in either of the two plot types in the high shrub 
habitat (Table 3, V*P*T). The relative growth in Salix leaves (Figure 5b) was lower in low shrub 
compared to high shrub (Table 3, V) and there was a higher leaf growth in the C treatment than 
in the R treatment in the milking grounds (Table 3, V*T). For GC and GR in low shrub the 
relative leaf growth is negative which means that the leaf length decreased (Figure 5b). An 
interaction between vegetation type and plot type could be detected (Table 3, V*P). However, 
the survival in GC and GR was low and their negative value is based on one replicate only (see 
figure 4a). Also many seedlings lost a fair amount of leaves which means that it might not have 
been the same leaf that was measured.  
 
Table 3. Result from a 3-way ANOVA testing the relative growth in height and leaf length for seedlings of Salix 
myrsinifolia x phycilifolia and Vaccinium vitis idaea. The source of variance tested is initial vegetation type (V), 
plot type (P) and treatment (T). Significant values are written in bold text.  
 

3-way ANOVA, relative growth 
 

Salix myrsinifolia x phycilifolia     

  Height   Leaf length  

 Source of 
variance 

 
df 

 
F 

 
p 

 
df 

 
F 

 
p 

 V 1, 45 0.884 0.352 1, 45 7.281 0.01 

 P 1, 45 0.011 0.9158 1, 45 0.212 0.648 

 T 1, 45 0.027 0.87 1, 45 2.030 0.161 

 V*P 1, 45 3.611 0.064 1, 45 60.09 7.49e-10 

 V*T 1, 45 0.224 0.638 1, 45 8.638 0.005 

 P*T 1, 45 0.453 0.504 1, 45 3.623 0.063 

 V*P*T 1, 45 4.458 0.04 1, 45 3.873 0.055 

Vaccinium vitis-idaea    

 V 1, 12 0.757 0.401 1, 12 0.66 0.255 

 P 1, 12 7.708 0.017 1, 12 1.431 0.255 

 T 1, 12 8.155 0.015 1, 12 4.289 0.061 

 V*P 1, 12 0.603 0.453 1, 12 0.223 0.645 

 V*T 1, 12 1.508 0.243 1, 12 0.497 0.494 

 P*T 1, 12 4.289 0.044 1, 12 0.025 0.877 

 V*P*T 1, 12 0.799 0.389 1, 12 0.096 0.762 
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Figure 5. The relative growth of Salix myrsinifolia x phycilifolia and Vaccinium vitis-idaea measured about 42 
days after planting. The relative growth in height (a) and leaf size (b) are presented for different plot types (control 
plot (C) and historical milking grounds (G)), treatments (control treatment (C) and vegetation removal treatment 
(R)) and initial vegetation type (high shrub and low shrub). The error bars show the standard error, where no error 
bars exist the data is based on one replicate only. 
 

3.3.2 Vaccinium vitis-idaea 

There was a significant effect of the interaction between plot type and treatment (Table 3, P*T) 
for the relative growth in height for Vaccinium. This is visible as a lower growth in CR 
compared to CC which is specifically pronounced in low shrub (Figure 5a). The surviving 
Vaccinium seedlings also grew better in the control plots than in the milking grounds (Table 
3, P). Removing neighboring vegetation had a negative effect on the relative growth in height 
(Table 3, T) (Figure 5a). Further on there was no significant differences or interactions among 
plot types, treatments and initial vegetation type for the relative growth of the leaf length 
(Figure 5b). 
 
 

4 Discussion and conclusions 
 

4.1 Discussion 
The results presented show that in a one year perspective and depending on initial vegetation 
type, shrubs seem to be able to establish in milking grounds through seedlings. In contrast to 
the original hypothesis, the long-term survival of both Salix and Vaccinium was lower in the 
low shrub site than in the high shrub site, seedlings did not have a lower performance in the 
milking grounds, and removing neighboring vegetation actually had a negative effect on plant 
growth.  
 
The difference in seedling survival between the two initial vegetation types is probably due to 
varying abiotic environments connected to where in the terrain these communities are located. 
Salix generally grow in a wetter and more nutrient-rich environment giving established plants 
decent growing conditions compared to Betula nana. Betula nana on the other hand, grows 
on dry and nutrient-poor heaths where plant resources are more limiting. Lower seedling 
performance in heaths compared to areas with Salix are in accordance with earlier studies 
(Milbau et al. 2012). It is likely that the lower survival in the low shrub Betula site is related to 
lack of nutrients and water. 
 
When analyzing the data there was a problem with the lower sample size in the low shrub site 
compared to the high shrub one. Some of the effects now noticeable in the low shrub site might 
be averaged out when increasing the sample size. For Salix in low shrub conditions, the already 
low sample size got even smaller over time due to the very low survival. In some cases there 
were only one replicate alive in the final measuring. The trends in the low shrub habitat does 
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however contrast with the lack of trends in high shrub conditions, which in itself is an 
interesting finding, implying that milking grounds do not have to be hostile for shrub seedlings. 
 
In high shrub habitats, with the larger sample size, neither Salix nor Vaccinium showed any 
differences in survival between milking ground and control. This is inconsistent with the 
original hypothesis that one of the reasons that the milking grounds are persistently open is 
that shrub seedlings cannot survive in the milking ground habitat. The low seedling survival in 
low shrub habitat makes it difficult to interpret the data of relative growth but it does point 
towards seedlings performing worse there than in the high shrub site. Salix seedlings grow 
equally well in milking grounds and control plots when planted in a high shrub site, hence they 
are able to both survive and grow in a milking ground habitat. Supporting this result, shrubs 
have been recorded to be able to expand in to alpine meadows in previous studies (Brandt et 
al. 2013). Vaccinium seedlings grew more in height in control compared to milking grounds 
which could be explained by plants tendency to seek light by elongation when being shaded 
(Pierik and Testerink 2014) and that the shrub vegetation in the control plots probably gives 
more shade than the milking ground vegetation. 
 
Unexpectedly, both the long term and short term survival of Salix seedlings were higher with 
neighboring vegetation present. This can be explained by neighboring plants promoting 
survival and growth in the seedlings by protecting it from environmental extremes and creating 
a so called nursing effect or facilitation. The nursing effect can contribute with shelter from 
direct radiation, reduced drying of surface soil, reduced air and soil temperature, increased 
relative humidity and decrease shortfall of vapor pressure (Classen et al. 2010; Holmgren et al. 
1997; Montgomery et al. 2010). All these factors can provide a microclimate that could have 
helped seedling establishment and development (Wright et al. 2014). Facilitation is proposed 
to be especially prevalent in harsh environment like alpine tundra (Brooker et al. 2008). This 
nursing effect might have been extra important to the drought sensitive Salix seedlings 
considering the dry weather conditions. In contrast to what was expected, competition does 
not seem to limit the survival and growth of shrub seedlings. Instead facilitation was the 
dominating plant-plant interaction in this system. It is clear that high competitiveness in 
grassland vegetation on established seedlings is not an explanation to why shrubs do not 
emerge in historical milking grounds.  
 
The lower leaf growth in the milking ground and the removal treatments in the low shrub site 
might be explained as an effect of the low survival in Salix in low shrub and the fact that the 
remaining Salix seedlings lost a lot of leaves. The effect of low survival and loss of leaves was 
specifically noticeable in the negative relative growth in leaf length in GC and GR in low shrub. 
This is further supported by that the relative growth in leaf length in Vaccinium seedlings was 
not affected by initial vegetation type and no detectable leaf loss was noted in the field. It has 
been showed that evergreen species such as Vaccinium vitis-idaea are more drought tolerant 
than deciduous species (Salix). The thicker and smaller (sclerophyllous) leaves of evergreen 
plants gives a lower transpiring area, hence a lower water loss and smaller water use (Lopez-
Iglesias et al. 2014). The peculiar pattern in relative growth in leaf length due to leaf loss are in 
other words most probably also connected to drought. 
 

4.2 So, what is the problem? 
Although the transplanted seedlings could grow and survive in the milking grounds they do 
not seem to emerge naturally. It is particularly interesting that planted Salix seedlings do well 
in high shrub milking grounds since Salix spp. are definitely present in the surroundings. In 
order for seedlings to emerge there must be germinating seeds. Considering that the high shrub 
sites are surrounded by Salix vegetation, one can assume that there is a fair influx of Salix seeds 
into the milking grounds, so the number of seeds should not be limiting. It is thus possible that 
a lack of seed germination is what keeps the milking grounds from overgrowing. Dense grass 
vegetation might inhibit seed germination and thereby exclude other plant species (Zhang et 
al. 2012). Abandoned grasslands also produce a high amount of litter (Enyedi et al. 2008; 
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Kahmen et al. 2002) that can act as a seed trap and therefore have a negative effect on seed 
germination (Ruprecht and Szabó 2012).  
 

4.3 Conclusions 
This study show that once established shrub seedlings can survive and develop in historical 
milking grounds. These results does not reject the theory that shrubs cannot spread into 
milking grounds through seedling establishment but it indicate that the seedling stage is not 
the limiting life stage. Further investigation by exploring multi annual survival of seedlings and 
seed germination is needed. The ecology of historical milking grounds has just started to be 
investigated and in writing, no scientific papers about the ecology of milking grounds could be 
found. This cultural remain provides a unique opportunity to study long-term effects of grazing 
on a landscape level. Without understanding the mechanisms behind the persistence of these 
cultural remains it is also difficult to identify possible threats towards them and develop 
management regimes to protect them. All in all more research is needed in order to reach 
further understanding of the persistence of historical milking grounds as well as the current 
the Saami cultural landscape. 
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