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Figure 1: Cladina stellaris. Adapted from Sveinbjörnsson 1990. 
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Abstract 
Sweden’s indigenous people, the Sámi, are using 40% of the country’s land area as pasture lands for 

reindeer (Rangifer tarandus tarandus). Approximately half of this reindeer grazing area lies within 

forests managed by commercial forestry. These forests are used for reindeer grazing mainly during 

the winter, this time is also the bottleneck for the size of the herd as food is sparse. This often leads 

to conflicts between reindeer herding and forest management. One controversial management 

practise is forest fertilization. This study will investigate the effect of fertilization on reindeer lichens 

(Cladina sp), as it is the single most essential reindeer forage.  

Three study sites in northern Sweden were established in 2009, 2011 and 2012, respectively. Each 

site had 16 fixed plots divided in two treatments, where 8 plots were used as an untreated control 

and the rest were fertilized with calcium ammonium nitrate (CAN), completely in line with modern 

silvicultural practice and routine. The plots were fenced in individually to avoid grazing by reindeers. 

The abundance of reindeer lichens was measured as the visually estimated plant cover of lichens 

within the ground layer. The plots were laid out subjectively to encompass the whole range of lichen 

cover found on each site. The absolute cover values were calculated into the relative change of cover 

from the initial year to the last inventory done. 

The analysis showed results consistent with similar studies, that the lichen growth is significantly 

reduced as an effect of fertilization. Furthermore it is showed that the relative increase in lichen 

growth is consistent and not related to the initial lichen cover.  

A separate study was done to assess the quality of the used methodology. This was done by 

measuring the lichen cover quantitatively using a point intercept method, and the results were 

expected to correspond to the visually estimated cover. This held true for two of the three sites, 

while the third deviated for an unknown reason. 

 

 

 

Keywords: Cladina; Calcium Ammonium Nitrate; Point-Intercept; Visually estimated cover 

  



Mid Sweden University / SCA Forest Products   Acknowledgments 
B.Sc. Thesis  Z. Willén 

 
3 

 

 

Acknowledgments 

 

 

The major benefits from this work came from the discussions between Sámi representatives and SCA 

Forest Products personnel. These discussions took place at the annual meetings arranged at each site 

by SCA. I especially thank the Sámi representatives, who chose to participate in these meetings. 

I would like to thank SCA Forest Products for covering the costs of the field work, the staff at their 

headquarters and particularly Mats-Åke Lantz for guiding me through the field-work. I’d like to thank 

the Swedish University of Agricultural Sciences and Mats Walheim for lending me the equipment to 

perform the point-intercept survey. Last but not least Prof. Bengt-Gunnar Jonsson for the thorough 

comments during the review process. 

  



Mid Sweden University / SCA Forest Products   Contents 
B.Sc. Thesis  Z. Willén 

 
4 

 

Contents 
Abstract .................................................................................................................................................... 2 

Acknowledgments .................................................................................................................................... 3 

Contents ................................................................................................................................................... 4 

1 Introduction ........................................................................................................................................... 5 

1.1 Aim ...........................................................................................................................................5 

1.2 Definitions ................................................................................................................................6 

2 Background ............................................................................................................................................ 7 

2.1 Lichen biology...........................................................................................................................7 

2.2 Forest fertilization ....................................................................................................................8 

2.3 Reindeer husbandry .................................................................................................................9 

3 Methods ..............................................................................................................................................10 

3.1 Site descriptions .................................................................................................................... 10 

3.2 Visually estimated cover ....................................................................................................... 11 

3.3 Point Intercept Methodology ................................................................................................ 12 

3.4 Analysis .................................................................................................................................. 13 

4 Results .................................................................................................................................................14 

4.1 Visually estimated cover ....................................................................................................... 14 

4.2 Methodology evaluation ....................................................................................................... 16 

5 Discussion ............................................................................................................................................17 

5.1 Results ................................................................................................................................... 17 

5.2 Methods for visually estimated cover ................................................................................... 18 

5.3 Field demonstrations ............................................................................................................ 19 

5.4 Future research ..................................................................................................................... 19 

6 Conclusion ...........................................................................................................................................20 

References ..............................................................................................................................................21 

Appendix – Site maps .............................................................................................................................23 

Jokkmokk ..................................................................................................................................... 23 

Åsele ............................................................................................................................................ 23 

Strömsund ................................................................................................................................... 24 

  



Mid Sweden University / SCA Forest Products   1 Introduction 
B.Sc. Thesis  Z. Willén 

 
5 

 

1 Introduction 

The Sámi people are an indigenous people living in a continuous part of Sweden, Norway, Finland 

and Russia called Sapmi. The Sámi people have managed reindeer in this area for centuries (Roturier 

2009, FSC 2010). Almost half of Sweden’s total land area is within this traditional grazing area, as 

seen in Figure 2. The Swedish reindeer husbandry act gives the Sámi people the legal right to use this 

land (both on privately owned and state-owned land) in reindeer management (FSC 2010). 

A large part of the reindeer grazing area is owned and managed by the commercial forestry. These 

two activities have fundamentally different requirements and needs, but nevertheless utilize the 

same area. This relationship has led to conflicts between the two parties, especially during the last 60 

years (Roturier 2009). This is likely caused by the industrialization of forestry management in Sweden 

during this period of time. 

Forest fertilization is one of several management practices which is criticized by reindeer herders 

(Eriksson and Moen 2008, and references therein). Forest fertilization is a common method in the 

Swedish forestry with the ultimate purpose of increasing biomass production. The main concern is 

that of the fertilizers effect on the ground vegetation, especially reindeer lichens as it is the single 

most important reindeer forage (FSC 2010). When important reindeer forage areas within the grazing 

area are planned to be fertilized a consultation regarding the management has to be held between 

the forestry company and the reindeer herders (FSC 2010). A large part of the grazing area is owned 

by SCA Forest Products. An enhanced knowledge of fertilization and the effects on reindeer lichens 

leads to better consultations which ultimately will benefit both parties.  

The lichen response to increased nitrogen levels is well studied (Eriksson and Raunistola 1993, 

Freemstad et al 2005, Eriksson and Moen 2008). However, most of these studies do not accurately 

represent current forest fertilization practice in dosage and intervals. Furthermore, few large scale in 

situ studies have been made, and often the spatial replication is too small to safely extend the results 

to general principles. This study is distinctive in these aspects. 

It is forest fertilization and its impact on the abundance of 

reindeer lichens (Cladina sp.) which will be the main scientific 

focus of this thesis. There will also be a small focus on designing 

the experiments in a pedagogic way to facilitate concrete and 

rewarding discussions between representatives from SCA and the 

Sámi communities. This way the traditional knowledge among 

reindeer herders will be given a place in the discussions, and SCA 

forest managers can directly benefit from it. 

1.1 Aim 
There were two main purposes of this study: 

Fertilization effect - The first goal of the study was to quantitatively 

evaluate the effect of forest fertilization on reindeer lichens. This is 

to increase the knowledge base to aid in the development 

process of fertilization routines in respect to reindeer 

management. 

Figure 2: Reindeer grazing area and the 
three experiment sites.  
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Pedagogic aim - The second goal was to design the study in a way that the experimental plots can 

serve as field demonstrations of methodology and the general effect of fertilization. The idea was 

that these demonstrations would facilitate a concrete and hands on discussion between 

representatives from both sides about lichen cover definitions and fertilization practices in grazing 

areas. This would ideally result in more unified opinions and definitions between forest managers 

and reindeer herders. 

The intention of this study is to address the following specific questions:   

 Does fertilization significantly affect the lichen cover? 

 Is there a relationship between initial lichen cover and the fertilization effect? 

 How does the growth-curve look after fertilization compared with a control? 

 How reliable is the methodology used in this study? 

1.2 Definitions 
 
Extended cover – The coherent area of an individual’s outer periphery. Refer to Figure 3. (Hägglund 

and Lundmark 1999, Walheim 2013) 

Field layer - Used as a category for the visually estimated cover, see section 3.2 Visually estimated 

cover. Consists of all herbs, grasses, shrubs, ferns, horse tails et cetera. (Hägglund and 

Lundmark 1999) 

Ground layer – The layer directly on top of the forest floor. Composed of lichens and mosses 

(Hägglund and Lundmark 1999).  

Mosses – Used as a category within the bottom layer for the visually estimated cover, see section 3.2 

Visually estimated cover. All species in the phylum Bryophyta.   

Other– Used as a category within the bottom layer for the visually estimated cover, see section 3.2 

Visually estimated cover. Consists of everything in the bottom layer not accounted for by the 

other categories, for example debris, stones, bare soil et cetera. 

Reindeer lichens – The different mat-forming species in the genus Cladina commonly called reindeer 

lichens. The main species found during the inventory as follows, (with Swedish common name 

in parenthesis, as from Nordin 2004): Cladina rangeferina (Swedish: grå renlav); C. arbuscula 

spp. arbuscula (Swedish: gulvit renlav), C. arbuscula spp. mitis (Swedish: mild renlav); C. 

stellaris (Swedish: fönsterlav).  

Sámi community – A translation of the Swedish concept “Sameby”, which are the 51 reindeer 

herding communities the Swedish Sámi people are organized in (Sami parliament 2013). The 

modern definition of this term is the geographic entity encompassing the grazing areas and 

the economic and social organisation representing the interests of the members (FSC 2010, 

Roturier 2009). In this thesis I will use the more traditional meaning of the herding community 

composed of the herders and their families who share a defined area and collaborate during 

many essential reindeer management activities.  
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Strict cover – The area of ground covered by the vertical projection of the aerial parts of plants of 

one or more species. Only the ground covered by the lichen thalli, and nothing else. Refer to 

Figure 3. Measured in percent. 

Unspecified lichens – Used as a category within the bottom layer for the visually estimated cover, see 

section 3.2 Visually estimated cover. All terrestrial lichens, primarily different minute-cup 

lichens in the genus Cladonia. Epiphytic lichens on the forest floor are not counted. 

Visually estimated cover – The plant cover of a species, or a group of species, visually estimated with 

the methodology described in section 3.2. In this thesis the methodology should give values 

comparable with the strict cover. Measured in percent. 

 

Figure 3: A subplot to visualize the difference of the two definitions of cover used. From left: a) the original subplot showing 
the complete bottom layer. b) Extended lichen cover. c) Strict lichen cover. 

2 Background 

2.1 Lichen biology 

All lichens are a symbiosis between fungi (providing structure), and an alga or cyanobacteria, capable 

of photosynthesis (providing nutrition to the fungal part). The reindeer lichens (as defined in section 

1.2 Definitions) are a terricolous mat-forming group of fruticose lichens with a circumpolar 

distribution (Crittenden 2000, Roturier 2009). Like most fruticose lichens, the reindeer lichens 

disperse mainly by thallus fragmentation (Crittenden 2000, Roturier 2009).  

Lichens are poikilohydric, meaning that they have no metabolic control of their level of hydration. 

The moisture level in the lichen thalli is correlated with the moisture of the environment through 

passive physical processes (Roturier 2009, Jonsson et al 2008). The microclimate is a very important 

factor for the moisture. The lichens can only photosynthesize as long as they are sufficiently 

hydrated, which is in turn a purely physical equilibrium with the surrounding microclimate. Skuncke 

(1969) points out that the growth rate of reindeer lichens is faster as they stand under a canopy of 

low shrubs, such as Calluna vulgaris or Vaccinium vitis-idaea. This is most likely depending on the 

enhanced microclimate under the field layer. 
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It is not an easy task to find out the limiting nutrient for lichens as lichens are composed of two 

separate organisms. There have been more theories than studies around this issue and the 

conclusions have varied greatly (eg. Sveinbjörnsson 1990, Crittenden 2000, Johansson et al 2011) 

However, Johansson et al (2011) showed in a study that the lichenized algal cell generally is limited 

by the availability of nitrogen, although their study did not look at reindeer lichens.  

2.2 Forest fertilization 

Effects 

Boreal ecosystems are generally limited by the available nitrogen (Strengbom and Nordin 2008, 

Crittenden 2000, Skogsstyrelsen 2007, Näsholm et al. 1998). Therefore it is possible to increase the 

productivity of a stand by fertilizing with nitrogen. Fertilization is one of the most profitable 

investments which can be done for the stand (Swedish forest agency 2013b, Saarsalmi and Mälkönen 

2001). A standard dose of 150kg nitrogen per hectare gives an increase of 10-20 m³ in standing 

volume during a period of 7-11 years, depending on species and location (Swedish forest agency 

2013b, Ståhl 2009).  

For the vegetation within the site, fertilization has the inherent risk of moving the species 

composition towards species adapted to higher nitrogen levels or faster growing species (Crittenden 

2000, Skogsstyrelsen 2007). Several studies point towards fertilization disfavouring lichens in general 

and reindeer lichens in particular (Skogstyrelssen 2007, Eriksson and Raunistola 1993, Freemstad et 

al 2005). In fact, Strengbom and Nordin (2008) showed effects on the ground vegetation, caused by 

fertilization, which persisted more than one forest generation.  

The amount of nitrogen which benefits the trees directly varies depending on type of fertilization and 

weather conditions during and after the fertilization. A rough estimate is that about half of the added 

nitrogen goes to the targeted trees, while the rest goes to other plants, mosses, lichen, binds to the 

soil or is leaching to ground water and other areas. (Skogsstyrelsen 2005, p.110) 

Fertilizer 

In the early stages of forest fertilization much stronger fertilizers (ie higher nitrogen content) was 

used, such as Urea (CO(NH2)2) (Kardell and Lindkvist 2010). Urea caused several unwanted side 

effects (inter alia effects on lichens, see Eriksson and Raunistola 1993). Urea gave way to ammonium 

nitrate (AN). Due to the side effects of other fertilizers, calcium ammonium nitrate (CAN) have been 

the dominating fertilizer since the late 1980’s (Skogstyrelsen 2007, Kardell and Lindkvist 2010).  

Some of the prejudices around negative environmental effects of forest fertilization probably stem 

from the use of Urea. The fertilizer which SCA is currently using is CAN, made from dolomite lime, 

and is therefore the fertilizer used in this study. The nitrogen is bound in the fertilizer as both 

ammonium (NH4) and nitrate (NO3). The used dolomite CAN consists mainly of 27,2 % (by weight) 

nitrogen and dolomite lime equivalent to around 20% pure lime. The dolomite which is added is 

composed of CaMg(CO3) and serves mainly as a source of lime as to stabilize the soil pH and 

counteract acidification. (Skogsstyrelsen 2007) A small amount of Boron (B) was added as it has been 

seen as beneficial for the growth increase (Saarsalmi and Mälkönen 2001), although boron is not 

used by SCA from 2013. The fertilizer is spread as pea-sized granules with a helicopter. 
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Present use 

The Swedish Forest Agency has developed a set of guidelines for fertilization, based on the law 

regulating forest fertilization (31§ Swedish Forestry Act). The agency has determined the maximum 

amount of nitrogen which is allowed to be added to a stand during one forest generation. They have 

divided the country in 4 different regions based on the nitrogen deposition (Skogsstyrelsen 2007). All 

of the reindeer grazing area is within the same region and the maximum amount of fertilizer is 450kg 

ha-1 per generation (Skogsstyrelsen 2007). Within the reindeer grazing area (as seen in Figure 2) all 

areas where the bottom layer consists of more than 25% reindeer lichen should not be fertilized. 

Even areas with less lichen cover should be excluded if there are poor grazing areas in the area 

(Skogsstyrelsen 2007).  

In addition to the Swedish law (ie Swedish Forestry Act), the Forest Stewardship Council (FSC) adds 

further responsibilities to forest managers (eg SCA) (FSC 2010). FSC is an independent and 

international organization which promotes the sustainable and responsible management of the 

world’s forests, from a social, economic and ecological point of view (FSC 2010). The general 

responsibilities towards the Sámi are described in criteria 3 (FSC 2010), and regarding to fertilization 

in particular in criteria 3.2.4. The current FSC standard was approved in 2010, which somewhat 

concretely states what types of forests have to be consulted with the affected Sámi community 

before fertilization. There is a north-south gradient within SCA’s land as to what lichen cover the 

different Sámi communities do not want to be fertilized. In the northern parts the reindeer herds are 

generally larger and therefore the herders require a higher amount of lichen in the forests. In 

northern Sweden the practical threshold is around 10% lichen cover; in the southern parts of the 

grazing area it is a bit higher. 

The official definition of lichen cover (from the 

Swedish Forest Agency) is slightly different from the 

definition used in this thesis, as defined in section 1.2 

Definitions. Instead of comparing the extended cover 

of reindeer lichens with the plot area they use the 

“existing bottom layer”, which is the part of the plot 

covered by lichens and mosses. Unnatural 

disturbances is subtracted from the plot area (eg soil 

scarification, paths, stones larger than 0,5 m2, tree 

stumps etc) (Hägglund and Lundmark 1999 p.7). This 

generally translates to slightly higher values of lichen 

cover than the values measured within this study. 

2.3 Reindeer husbandry 
There are principally two types of Sámi communities, 

mountain and forest communities. The main 

difference is that the mountain communities are utilizing the mountains as grazing area for their 

reindeer during the summers (Roturier 2009).  During the winter both of these two communities 

have their reindeers in forests owned and managed by private companies, state or private persons. 

The reindeers are moved down to the forest since the snow depth and density there are much more 

Figure 4: Area fertilized during 2012 in 1000 ha, divided in the 
Swedish counties which are more or less affected by reindeer 
herding. Note that it’s a very small area used for reindeer 
grazing which is fertilized. (Data from Swedish Forest Agency 
2013a) 
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favourable for grazing. These are generally forests owned and managed commercially. Therefore 

most conflicts between forest managers and reindeer herders emerge in the winter grazing area.  

The animals normally lose weight over the winter, even during a mild winter with good pastures. 

Figure 2 shows the different reindeer grazing areas, as well as the approximate location of the three 

experimental sites. The winter grazing areas are usually owned by someone besides the Sámi 

community utilizing the grazing areas. The Sámi community has the right to use the land by the 

Swedish Reindeer Management Act. 

Lichens constitute a principal part of the reindeer diet year round but specifically during the winter as 

forage is scarce. An estimate of the proportion lichen in the reindeer diet varies with the author but 

depends on the quality of the pasture and what is available. Reindeer lichens are the preferred food 

as confirmed both by a traditional knowledge (Inga 2007) and from a more scientific selection 

experiment (Danell et al. 1994). Most estimates cover the range of 50-80% lichens in the reindeer 

diet (Gaare 1997, Sveinbjörnsson 1990, Colpaert et al 2002, Pegau 1968, Roturier 2009). There is no 

doubt that the carrying capacity of a reindeer herd is determined by the available winter pastures 

(Sveinbjörnsson 1990, Gaare 1986, Moen et al 2007, Helle et al 1983). It has also been observed that 

the condition of the animals is enhanced with an increased proportion of lichen in their diet 

(Sveinbjörnsson 1990). 

What definition of lichen cover which is meant is typically not stated in discussions and there has 

certainly been a great deal of confusion around the topic, both among forest managers and reindeer 

herders. 

3 Methods 

3.1 Site descriptions 

The general locations of the three sites were determined to serve the second goal of the study (the 

pedagogic aim). This was done by dividing all Sámi communities affected by SCA’s forest 

management into their respective county, and placing one experimental site in each county. These 

three sites were brought up for consultation and approved by the Sámi communities to be fertilized 

for experimental purpose. 

Site Coordinate 

(WGS84) 

Mean annual 

temperature and 

precipitation
1
 

Altitude Stand 

size 

Forest 

history 

Year 

fertilized 

Years inventoried  

Jokkmokk  N:66°24' 

E:20°33' 

0°C 550 mm  158 m 20 ha Planted 1957 
Thinned 2003 

2009 2009, 2011, 2012, 2013 

Strömsund  N:63°44' 

E:16°6' 

1°C 650 mm  226 m 7 ha Planted around 
1960,  
recently 
thinned, 
Fertilized 2005  

2012 2012, 2013 

Åsele N:64°16' 

E:17°18' 

1°C 650 mm  398 m 12 ha Planted 1960   2011 2011, 2013 

Table 1: Site descriptions. 

                                                           
1
 Climatic means, meaning the average of the last climatic period (1961 – 1990). (SMHI 2013)  
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The dominating tree species on all three sites is Scots pine (Pinus sylvestris). All three sites are 

located in areas used as winter grazing areas, as seen in Figure 2. 

Each of the three sites was surveyed manually before fertilization and a separation line was 

established to divide the sites into the two treatments. This was done according to the following 

priority: 

1. Homogeneity between treatments. The two halves should be as similar as possible in respect 

to lichen cover, vegetation, tree density, ground inclination, canopy cover et cetera. 

2. Pedagogic design. If possible the separation line should be positioned in a pedagogic way to 

serve the second goal of the experiment. For example on the site “Strömsund” the line was 

placed perpendicular to the forest road and following a well marked tractor trail.  

3. Flight optimization. All three areas were fertilized with the use of a helicopter. To minimize 

the flight-time (and thus the cost of the treatment) the area most easily flown over was 

fertilized. 

Maps of the three sites, with marked plots and the fertilized area, are included in Appendix 1. 

3.2 Visually estimated cover 
The first site (Jokkmokk) was established and inventoried in 2009 by Louise Hjelmroth from SCA. The 

choice of experimental design and methodology was hers. All subsequent inventories have been 

done by the author, following her methodology. 

The sample plots were subjectively placed to fit the following criteria: i) to encompass the whole 

range of initial lichen cover within the site; ii) as spatially spread out as possible to benefit from the 

large experimental sites; iii) not within a buffer zone of 20 m around the separation line; iv) 8 plots 

on each treatment. The plots were individually fenced in to eliminate the risk of grazing ungulates (ie 

reindeers).  

 

The plant cover for the different categories 

was visually estimated by using a method 

inspired by Daubenmire (1959). The 

difference of the used methodology from 

Daubenmire’s is that the cover has been 

estimated to the nearest percent, and not to 

different cover classes. A 1x1m frame, divided 

in 25 subplots, was placed over the plots. The 

plant cover for each vegetation category was 

estimated to the closest natural number (in 

percent of the field- or bottom layer) for each 

subplot individually, the categories are listed 

in . The study’s methodology, developed by 

Hjelmroth, defined the visually estimated 

cover as an estimate of the strict cover 

defined in section 1.2 Definitions. Two poles 

Figure 5: Schematic of a plot, 1x1m, showing the 25 subplots 
(20x20cm). Crosses mark the point intercept points, r = 20cm. 
The outer 16 subplots affected by the edge effect are marked. 
Black squares are the fixed poles.  
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were planted in the upper corners of 

the frame to ensure the plots exact 

same position during every inventory. 

The field work has been performed in 

the end of July every year for 

consistency, although the weather 

condition has been different during the 

different years. 

 

As part of the sampling routine each plot 

has been photographed during every 

inventory. The photograph has been 

taken vertically overhead of the plot centre with the same camera at the approximate same height 

every year. This has been done for documentation purposes as well as for the opportunity to later 

analyse the photos through image analysis software. 

3.3 Point Intercept Methodology 
To evaluate the visually estimated cover a second methodology was used. A point-Intercept 

methodology was chosen, and conducted on the very same plots. The method was chosen as it is one 

of the most objective ways to measure vegetation cover (Floyd and Anderson 1987). I have followed 

the same methodology as The Swedish National Inventory is using (Walheim 2013). 

This additional survey was performed to serve two purposes: 

- To objectively quantify the difference between the two definitions of coverage and obtain a 

ratio between them in order to transform one measure to the other. 

- As a comparison to the visually estimated cover. 

A tripod was placed with the centre aligned with the centre of the plot. A laser pointer attached to a 

horizontal bar on top of the tripod was used to make 

the “needle-sticks”, as shown in Figure 5. The tripod 

was set up so the tripod head was fully horizontal. 

The bar was then rotated to 8 predetermined 

directions as to measure the 13 points shown in . 

Because of an observed edge effect later explained 

in section 3.4 Analysis, it was decided to focus the 

methodology to the nine central subplots. The 

centre point was obtained by a hanging laser under 

the tripod head.  

For every point one of the following three possible 

alternatives was recorded: a) the laser beam hitting 

a lichen thalli directly (direct hit); b) the laser beam 

going through the “branches” of a lichen thalli 

(indirect hit); c) none of the above (miss). The Figure 7: Point Intercept methodology.  

Visually 
estimated 

cover 

Field layer (Total 100%)

Bottom layer 
(Total 100%)

Reindeer 
lichens

Unspecified 
lichens

Mosses

Other

Figure 6: The different vegetation categories visually estimated. For 
definitions see section 1.2. 
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percentage cover was then calculated for every site (with n=13*16=208 points) as below: 

𝑆𝑡𝑟𝑖𝑐𝑡 𝐶𝑜𝑣𝑒𝑟 =  
𝐷𝑖𝑟𝑒𝑐𝑡 𝑖𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠
∗ 100 

 

𝐸𝑥𝑡𝑒𝑛𝑑𝑒𝑑 𝑐𝑜𝑣𝑒𝑟 =  
 𝐷𝑖𝑟𝑒𝑐𝑡 𝑖𝑡𝑠 +  [𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝑖𝑡𝑠]

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠
∗ 100 

See section 1.2 and Figure 3 for the definition of the two types of cover mentioned above. 

3.4 Analysis 
The number of inventories per site is different as they were established on different years. Therefore 

it is appropriate to keep the three sites separate in the analysis. A better and more extensive analysis 

can be done when the data collection is finished and all sites have been sampled an equal number of 

times. 

An edge effect was noticed during the field work as an increase in the category “other” (ie not lichens 

or mosses on the ground layer). There was considerably less vegetation in both the field and the 

bottom layer within approximately 15 cm from the fence. The fence had been put up closely around 

the plot and this unexpectedly affected the plots. The experimental design luckily allowed for testing 

this effect by separating the 9 central subplots from the subplots along the edge (as seen in ). There 

is no biological reasoning why the edge effect should depend on the treatment; therefore the two 

treatments were pooled in the analysis to gain statistical power. This was tested by a two-tailed T-

test and the results, shown in Table 2, proved a significant difference between the edge subplots and 

the plot centre for the site Jokkmokk four years after fertilization (2013). It would be possible to 

perform all subsequent analysis without taking any consideration of the 16 subplots on the edge. 

However, this would in practice lead to discarding 16/25 of the subplots, or 64% of the data. That 

would greatly reduce the accuracy of the mean values for each plot, and probably increase the 

between-plot variance, thus reducing the statistical power of any test. The confounding factor 

proved to be independent of the treatment (as tested by a T-test, α=0,05). To maintain a maximal 

statistical power, all data was therefore used in the analysis. 

 

To be able to compare the different plots, data was expressed as the relative change in cover, instead 

of the absolute cover values. This was done as follows, where Coverend is the mean cover value of 

reindeer lichens in the 25 subplots in a given plot at the last inventory (2013), and where Coverstart is 

the initial cover. 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑐𝑎𝑛𝑔𝑒 =  
𝐶𝑜𝑣𝑒𝑟𝑒𝑛𝑑 −𝑠𝑡𝑎𝑟𝑡

𝐶𝑜𝑣𝑒𝑟𝑠𝑡𝑎𝑟𝑡
∗ 100 

To analyse for any deviations from the normal distribution an Anderson-Darling test was done on all 

the relative growth data of reindeer lichens. The test showed no deviation from the normal 

distribution, tested with all sites and treatments pooled (n=48, p=0,326). No significant results were 

found even when analyzing each treatment within each site separately. 
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The statistical analysis was made with Minitab (v. 16.1), LEAD Technologies in conjunction with 

Microsoft Excel 2007.  

4 Results 

Results from the analysis of a potential edge effect gave a significant difference between the centre 

and edge subplots (Table 2). 

  2009   2013 

Category Mean values 
p  

Mean values 
p 

 
Centre Edge 

 
Centre Edge 

Reindeer lichen 8,60% 7,10% 0,550 
 

15,70% 8,60% 0,077 

Unspecified lichen 0,24% 0,25% 0,979  0,24% 0,38% 0,038 

Mosses 70,90% 70,50% 0,970  71,20% 34,40% 0,001 

Other 20,30% 22,20% 0,098  12,80% 56,70% 0,000 

Field layer 5,70% 7,40% 0,044   24,70% 29,10% 0,320 

Table 2: Results from two inventories in Jokkmokk, separating the edge subplots from the centre. A two-tailed T-test 
analyzing a potential edge effect with both treatments pooled, assuming equal variance. Significant differences in bold. The 
whole bottom layer is significantly affected by the edge effect while the field layer is not. Testing if the edge effect is 
significantly different between the two treatments gives no significant results. 

4.1 Visually estimated cover 
 

 

Figure 8: Black lines show the mean, absolute, value of the 8 fertilized plots, per site. Grey lines represent unfertilized plots. 
Different sites can be identified by the start of the data series as follows: Jokkmokk was established 2009; Åsele 2011 and 
Strömsund 2012.  

All sites increased in lichen cover, except the fertilized plots in Åsele (Figure 8). The average values for 

the three sites (represented in the figure) does not show any significant difference between the 

treatments (t-test; α=0,05).   
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The relative change in lichen cover, from the first inventory (before treatment) to the last, is seen in 

Figure 9. The variation is rather high between the three sites but there is a visible trend which is 

similar for all sites. The trend points to fertilized plots growing slower than the control. The trend is 

only significant for the site Jokkmokk (two tailed T-test; p=0,033), which was four years old at the last 

inventory. The fertilized plots in Jokkmokk grew, on average, 21,6% in four years, while the 

unfertilized plots grew 77,8%. The only site where the lichen is declining is Åsele, but there is no 

significant difference from the control.  
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Figure 9: Box plot of the relative change of reindeer lichen cover (Cladina sp.) between the years in parenthesis. Each site 
has 16 plots divided equally in two treatments – fertilized (A) and unfertilized (B). There are 8 replicates for each treatment. 
The three sites were established during different years and are therefore not of the same age. Using a two-tailed T-test the 
only significant effect is on the oldest site (Jokkmokk) with a p-value of 0,033.  

There does not seem to be any relationship between the initial lichen cover and the effect of 

fertilization (Figure 10). This is further confirmed by Pearson’s correlation test (analyzing for linear 

relationships) which proved non-significant relationships for all three sites (p<0,05). 
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Figure 10: Relationship between initial lichen cover and the relative change until the last inventory (2013). 16 plots per site 
divided in 2 treatments, where the circles represent the fertilized plots and the squares are the untreated control. The time 
after fertilization, in years, are represented in the parenthesis. 

4.2 Methodology evaluation  
It is expected that the strict cover obtained through the point-intercept study will be comparable to 

the visually estimated cover. 

For two of the sites (Jokkmokk and Åsele), there is no significant difference between the visually 

estimated cover and the strict cover. This is true when comparing both the whole plots (25 subplots, 

p-values shown in Figure 11) and only the nine centre subplots. The centre subplots were included in 

the graph due to the decision to focus the point intercept survey to the center, (see section 3.3) as to 

avoid the edge effect. However, in Strömsund the two measures deviate substantially due to 

unknown reasons.  

 

Figure 11: Methodological comparison of the plant cover of Cladina sp. during the inventory 2013. Compare the Visually 
Estimated Cover (VEC) with the point-intercept (P-I) data. The mean cover for the central 9 subplots is shown as well as the 
plot mean. The two treatments pooled together at each site for a total of 208 points measured per site. Error bars 
represent standard error and the reported p-values are from a two-tailed T-test comparing all subplots with the strict cover. 
The same sites show significance (p<0,05) using the central subplots, albeit lower values. 
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The ratio 
𝐸𝑥𝑡𝑒𝑛𝑑𝑒𝑑  𝑐𝑜𝑣𝑒𝑟

𝑆𝑡𝑟𝑖𝑐𝑡  𝑐𝑜𝑣𝑒𝑟
 can be calculated and used as a conversion constant from strict cover to 

extended cover - even for the visually estimated cover. This ratio can be compared to the ratio of 

Walheim (2013) (Table 3) to see how consistent the method is. Even though Walheim's data shows a 

greatly lower average cover, the ratio is very similar.  

Observer Total points 
Direct 

hit 
Indirect 

hit 
Strict 
cover 

Ratio 

Willén 424 59 132 13,9% 
    

2,24     

Walheim 2376 144 341 
6,1% 

    
2,37     

Table 3: Comparing the ratio of the Point-Intercept survey with data from an identical methodology, Walheim (2013) 

5 Discussion 

5.1 Results 

Visually estimated cover 

At first the data was analyzed as the absolute difference between the initial and the final cover (ie 

without calculating the relative increase in cover). This approach was not successful as no significant 

difference could be seen. Furthermore the absolute data did not conform to the normal distribution, 

as the plots were placed to represent the full range of cover within the site (ie maximizing the 

between-plot variability). The normal distribution is a basic assumption of all parametric tests. When 

the data is calculated as a relative change in lichen cover the values met the assumption of normal 

distribution.  

The reindeer lichens increased in all controls, however only significantly in the oldest site (Jokkmokk). 

This is likely an effect of the forest stand in Jokkmokk being thinned in 2003, along with the fact that 

there has been no grazing in any of the plots. The fertilized lichen grows significantly slower, which is 

seen after 4 years on one site. This result is in line with those of Eriksson and Raunistola (1993), who 

also showed in their study that the strongest effect on lichens caused by fertilization happened after 

three years. 

The study would be improved if a metric would have been used which incorporates some measure of 

the biomass, as this is more relevant to the reindeer management. An example of the difference 

between the metrics is illustrated by a study done by Eriksson and Raunistola (1993). They showed 

that the lichen cover was unaffected during their study period (11 years), at the same time as the 

standing crop (ie biomass) increased by 130%. Moen (2007) used visually estimated cover together 

with a mean height of thalli, calculated from 25 samples of thalli heights, systematically spread 

within a 0,5 x 0,5m frame. This showed to be a reliable, and sufficiently simple and fast, method. 

Edge effect 

The edge effect around the fence was observed as an aggregation of fallen pine needles, resulting in 

less vegetation within the ground layer. Judging from field observations this effect increased with 

time. It is suggested that this effect is caused in the winter as needles are blown on top of the snow 

and caught by the fence. It could be hypothesized from this model that there would be a higher 

amount of needles on the outside of the fence, as most needles will come from outside the plot.  
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However, this has neither been supported nor rejected by field observations, as no attention has 

been on the topic. Although this could easily be surveyed during next inventory, and should be. 

The columns in Table 2 representing the initial inventory were added as a comparison as no 

treatments have yet been applied and the fence has just been erected. Therefore it is to be expected 

that there are no differences between the centre and the edge subplots. The observed difference 

within the field layer is therefore unexpected. The subjective placing of each plot is suggested as an 

explanation. The plots have been laid out based on the composition of the bottom layer. It can 

therefore be hypothesized that the plots have been, unintentionally, centred on areas without a field 

layer as the bottom layer becomes more easily spotted. This shows a bias in the experiment and it is 

something that might be expected from an experimental design with non-objective sampling. 

However the purpose of the experiment was not to describe the field layer or the site itself, but to 

investigate the change in each subplot as a function of time. The validity of the experiment is 

therefore not questioned. 

Methodology evaluation 

The deviation from the expected results in the third site (Strömsund) was unexpected. This is difficult 

to explain, but might be an artefact from the decision to focus the points towards the centre of the 

plot (as described in 3.2 Visually estimated cover). It is seen in Figure 11 that the visually estimated 

cover of the whole plots aligns unusually well with the cover of the central 9 subplots. This is likely 

due to the site being too young for an edge effect to have emerged. During the inventory it was 

noticed that there were very few “hits” on lichens, but the odds for this deviation to occur randomly 

is small (as n=208 for the whole site). The height of mosses was also noticed to be higher than on the 

other sites, especially in relation to the lichen heights. The colour of lichens sharply contrasts with 

that of mosses. This might lead to an overestimation when the cover is visually estimated, as the 

lichen thalli easily attract the eye.  

The validity of the point intercept method is verified by the similar ratio values between different 

observers, shown in Table 3.  

5.2 Methods for visually estimated cover 
It is a known fact that visual estimates of plant cover gets harder with decreasing leaf size, such as 

grasses, resulting in a higher variability (Floyd and Anderson 1987). Lichen thalli can be considered as 

extremely small leaves in this context.There has also been a discussion of the reproducibility of 

results obtained through this methodology. Daubenmire (1959) used six different cover classes (ie 0-

5%; 5-25%; 25-50%; 50-75%; 75-95%; 95-100%) to decrease the variability between different 

observers. In this study the cover has been assessed down to the whole percent for several reasons:  

i)The number of different observers has been low, and as the main interest is the relative change it is 

more important with a finer grain than increased reproducibility; ii) To simplify the statistical analysis 

by avoiding categorical data. 
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Since Lichens are poikilohydric there 
will be a significant difference in size 
between a desiccated thalli and a 
hydrated thalli. This change in size will 
affect the result of any method 
estimating the cover. There is 
preliminary data showing that this 
effect might be in the order of a 
relative difference of 100% (). 
Sveinbjörnsson (1990) reports a graph 
showing the photosynthetic rate as a 
function of water content. The water 
content goes from 100% (dry) to 
380% (saturated) by weight, however 
in Cetraria cucullata and not Cladina 
sp. This drastic change in water 
saturation will correspond to a large 
difference in cover values. 

5.3 Field demonstrations 
SCA have arranged meetings on each of the three experimental sites with all of the local Sámi 

communities. The reason has been to bring reindeer herders and foresters together to an informal 

meeting. Researchers and speakers have been invited to present their work about topics of interest 

for both livelihoods. 

I have had the possibility to participate in several of the meetings. Standing around the plots on the 

study site, I have presented the preliminary results and showed the used methods in practice. The 

result is a perceivably increased consensus of what lichen cover is and how it is measured. At the 

very least some attention has been brought to the difficulties regarding measuring the abundance of 

lichens.  

5.4 Future research  
Lichens do not have any roots, and the fertilization granules are thus made unavailable for the 

reindeer lichens as soon as they are dissolved and in the soil. The observed fertilization effect must 

therefore depend on a hidden factor, which in turn is caused by the fertilization. This hidden factor 

can for example be the increased light-competition caused by plants benefiting from the fertilization, 

or any potential dust layer caused by the fertilization. According to this reasoning future studies 

ought to focus on determining this hidden factor instead of the effect of nitrogen on the lichenized 

symbionts.  

There has not been a study focusing on the actual size of the lichen as a function of its water 

saturation. As there is no metabolic control by the lichen of the moisture level, this should be a basic 

function of the fungal (structure-giving) part of the lichen. As seen in  it can be a substantial 

difference in the cover, which would affect the results obtained by both of the used methodologies. 

Alternative methodology for quantifying a fertilization effect 

In 1954 the Russian lichenologist Andreev wrote an extensive comparison of existing methods to 

measure lichen growth (as cited by Sveinbjörnsson 1990, Helle at al 1983, Skuncke 1969, Pegau 

1968). And although his proposed methods have been cited and used extensively since then, there is 

Figure 12: Same individual of Cladina rangeferina shown dehydrated (left) 
and hydrated (right). The relative growth for this specific has been digitally 
analyzed to be 105 %. 
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no published translation of his Russian article. He proposed a variation of a method originating from 

Salazkin (as cited in Sveinbjörnsson 1990) where innate growth markers are used. This is done by 

determining the age of a specific lichen thalli by counting the number of times a chosen main podetia 

branches. This sum divided by the total length of the living podetia gives the average linear growth 

per year. The linear growth can be seen as the annual length increment of a podetium. There are 

however two main assumptions of the method: 

- Point of growth. The assumption is that the only point growing is the tips of the podetia. This 

is in fact later demonstrated by Hammer (2000). 

- Annually branching. It is assumed that Cladina species branch annually. While this seems to 

be very fundamental knowledge, it does not seem to have been investigated by a specific 

study. Andreev discussed the method (as cited in Sveinbjörnsson 1990) and concluded that 

the method is valid based on the knowledge at the time. There are similar results from 

widely separated locations (Alaska, Russia and Finland as cited above) and different 

observers using the same method, further strengthening the validity of the method. 

 If this method is reliable it has many implementations, such as investigating the effect of fertilizers 

on reindeer lichens. With this method it is sufficient with samples from one year to investigate the 

history of lichen growth in a stand, fertilized or not.  

6 Conclusion 

Fertilization does not directly kill the reindeer lichen, but it is significantly disfavoured. These results 

are in line with earlier studies. 

 The average relative increase in lichen cover in Jokkmokk, 4 years after fertilization, was 22% 

for fertilized plots and 78% for unfertilized. (Figure 9) 

 The relative change in cover for lichens is significant, but it does not seem to depend on the 

initial cover. (Figure 10)  

The main methodology to visually estimate cover proved to be accurate for 2 out of 3 sites. The point 

intercept methodology proved to be reliable, as the results were very consistent between two 

different observers. 

One should be careful with making general conclusions and predictions from this study, as it is only 

one site which is sufficiently old to see a significant trend. However, this study needs to be continued 

to make benefit of the rare opportunity to obtain scientific data from a single ecological experiment 

with wide-spread spatial replicates. The final results from this study will likely have the possibility to 

be extrapolated to general conclusions about the effect of fertilization on reindeer lichens. 
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Appendix – Site maps 

Jokkmokk 

 

Site map over Jokkmokk, the green area is the fertilized half and labelled points are plots. 

Åsele 

 

Site map over Åsele. Grey lines represent the flight path of the helicopter which fertilized. Points are plots 
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Strömsund 

 
Site map over Strömsund. Points are plots and the green area is the fertilized half. Due to inconsistent naming convention 
the fertilized plots are here called 1-8B, as opposed to the two other sites. Since the names are written on each plot in the 
field it is difficult to swap the names. Where “A” and “B” is mentioned as treatments above this has been corrected for.  
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