
 
 

 
 
 
 
 

 

 

 

  

  

The alien invasive moss Campylopus introflexus 

in the Danish coastal dune system 

Preferences – Development – Effects – Control   

Internal supervisor 

Henning Emil Adsersen 

Section for Ecology and Evolution 

Department of Biologi 

Copenhagen University 

 

External supervisor 

Bettina Nygaard 

Department of Wildlife Ecology and Biodiversity 

National Environmetnal Research institute 

University of Aarhus 

  

Jonas Klinck 

Master Thesis 

Section for Ecology and Evolution 

Department of Biology 

Copenhagen University 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Preface 
 

This master thesis is a result of data collected through my own fieldwork and data provided by the 

National Environmetnal Research institute (DMU).  My fieldwork was carried out in August and 

September of 2008 at Fanø where data was collected in order to investigate the effects of increasing 

coverage of Campylopus introflexus, and at Henne strand Western Jutland in June 2009 where effects 

of different control methods were carried out.  

 

The main supervisor has been Henning Emil Adsersen affiliated with the Department of Biology at 

Copenhagen University. My external supervisor with focus on my work with the data provided by 

DMU was Bettina Nygaard from National Environmetnal Research institute (DMU), Department 

of Wildlife Ecology and Biodiversity, University of Aarhus. The project was supported 

economically by the Herbums Book scholarship (Herbums Boglegat). 

 

The thesis in hand consists of a general introduction to the subject of invasive species and 

Campylopus introflexus, followed by three chapters. Chapter one focuses on the habitat preferences of 

Campylopus introflexus in the Danish coastal dune system. Chapter two focuses on the effects, on 

individual species and biodiversity, with increasing coverage of Campylopus introflexus. Chapter three 

is a small study which focuses on the effects of different control methods of Campylopus introflexus. 

A final conclusion rounds up the findings of the three chapters.   
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Resumé (Abstract in Danish) 
 

Mossen Campylopus introflexus optræder invasiv i Nordeuropa og langs den Nordamerikanske 

vestkyst. Den er vidt udbredt I den naturlige udbredelsesområde på den sydlige halvkugle, hvor den 

er kendt fra det sydlige Sydamerika, sydlige Afrika, Australien og adskillige øer i det sydlige Stille- og 

Atlanterhav. Dens første observation i Europa var i det sydlige England i 1941 og herfra spredte 

den sig, mest i sydlig og vestlig retning. Campylopus introflexus er kendt fra mange forskellige 

habitater, men findes at foretrække sandet forholdsvis sur jord (pH 4-6) med relativ lav vegetation, 

ofte i de lavrige grå klitter og klitheder. Campylopus introflexus kan danne 2-10 cm  tykke tæpper af 

mosdække, med en dækningsgrad på op til 100 % af jorden, hvilket har vist sig at påvirke 

biodiversiteten.  

Jeg har I dette studie fokuseret på Campylopus introflexus i det danske kystklitsystem, på dets 

præferencer og udvikling, lige som jeg har set på effekten på de individuelle plantearter i den grå 

klit. Effekten af forskellige bekæmpelsesmetoder er også undersøgt og evalueret. 

1) Data indsamlet gennem NOVANA overvågningsprogrammet blev brugt til at evaluere 

præferencer og udvikling af Campylopus introflexus i det danske kystklitsystem. En gradientanalyse 

med DCA-ordination viste at Campylopus introflexus var mest tilstede i den tørre og relativt sure 

næringsfattige klithede. En indikator arts analyse viste at Cladonia laverne var en stærk indikator 

slægt for Campylopus introflexus, som indikere at de vil blive hårdt ramt af en ekspanderende 

Campylopus introflexus. Det ses at Campylopus introflexus har fordoblet dens udbredelse fra 2004 til 

2008. 

2) Jeg indsamlede data på Fanø, som blev brugt til at evalurere effekterne af stigende dækningsgrad 

af Campylopus introflexus i den grå klit. Et signifikant fald i artsrigdom og artsudbredelse ved stigende 

dækningsgrad af Campylopus introflexus blev fundet. Den største effekt blev set blandt lav arterne, 

hvor seks arter of to artsgrupper blev negativt påvirket. Biodiversitet steg med stigende 

dækningsgrad af Campylopus introflexus indtil den opnåede en dækningsgrad på omkring 20 % - 40 %, 

herefter faldt den i takt med at Campylopus introflexus blev mere og mere dominerende.  

3) Effekten af salt, saltvand, afbrænding, damp, FeSO4, og klorin på Campylopus introflexus blev 

undersøgt som mulige bekæmpelsesmetoder. Forsøgende fandt sted i Vestjylland. Tres sekunders 

afbrænding og 250 g pr. m2 strøet salt var mest effektiv i at slå mossen ihjel, med henholdsvis 100 

% og 90 %.  FeSO4 og klorin havde den mindste effekt.  

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 



 
 

Abstract 
 

Campylopus introflexus is an alien invasive moss species in Northern Europe and along the west coast 

of North America. It is widely distributed in its native range on the Southern hemisphere where it is 

known from Southern South America, Southern Africa, Southern Australia and numerously South 

Atlantic and Pacific Islands. Its first observation in Europe was in Southern England in 1941 and 

from then on it has spread mostly south and westwards. Despite a wide ecological range Campylopus 

introflexus prefers sandy soils relatively acidic (pH 4-6) with relatively low vegetation, often in the 

lichen rich grey dunes and heathlands. Campylopus introflexus can form dense carpets, 2-10 cm thick 

of moss covering up to 100% of the ground which have been shown to affect biodiversity.  

In this study I have focused on the Campylopus introflexus in the Danish coastal dune system, its 

preferences and development, as well as its effects on individual species in the grey dunes. Effects 

of different control methods are also investigated and evaluated. 

1) Data collected through the NOVANA monitoring program, was used to evaluate the 

preferences and development of Campylopus introflexus in the coastal dune system. A gradient 

analysis performed with DCA-ordination, showed that Campylopus introflexus was most abundant in 

the dry relatively acidic nutrient poor grey dunes, as well as in the shrub dominated decalcified 

nutrient poor dune heathland. An indicater species analysis found the Cladonia lichens to be a 

strong indicator genus of Campylopus introflexus, which suggest that they will be severely affected by 

the expanding Campylopus introflexus. Campylopus introflexus is found to have doubled its presence 

from 2004 to 2008.  

2) Data I collected on Fanø, were used to evaluate the effects of increasing coverage of Campylopus 

introflexus in the grey dunes. A significant decline in species richness and abundance was found with 

increasing coverage of Campylopus introflexus. The effect was largest among the lichen species, where 

6 species and 2 species groups were found to be significantly negative affected. Biodiversity 

increased with coverage of Campylopus introflexus until it covered around 20%-40% hereafter it 

declined as it became more and more dominating. 

3) The effects of salt, saline water, fire, steam, FeSO4 and bleach on Campylopus introflexus, as a way 

of control or eradication was investigated in Western Jutland. Sixty seconds of fire and 250g pr. m2 

of strewn salt was most effective in killing the moss with respectively 100 % and 90 % killed. FeSO4 

and bleach had the lowest effect.   



 
 

Introduction 

Invasive species 
According to the International Union for Conservation of Nature and Natural Resources (IUCN) 

alien invasive species (from here on “invasive species” will be used for the same term), is one of the 

major threats to native biological diversity. Invasive species may be as damaging to native species 

and ecosystems on a global scale, as the loss and degradation of habitat (IUCN 2000)  

An analysis of the 2008 IUCN red list of threatened species (Vié et al. 2009b), showed that 625 

(51%) of the worlds threatened bird species are affected by invasive species. In Madagascar, Europe 

and South Africa respectively 45%, 55% and 85% of the threatened freshwater fish species are 

affected by invasive species. Out of the United States‟ 1055 plant species in risk of becoming 

extinct, 601 (57%) was affected by invasive species (Wilcove et al. 1998).  

Some species has already suffered extinction due to invasive species. Out of 170 extinct animal 

species, the extinction of 91 included the effect of invasive species for reason of extinction. In 34 

(20%) of the cases invasive species was the only cause of extinction (Clavero & García-Berthou 

2005). 

Definition 

Invasive species and their affects are studied by biologist around the world. The broader interest 

and focus on invasive species started, when Charles S. Elton published his book on the subject 

“The ecology of invasions by animals and plants” (Elton 1958). Through time there have been 

different, more or less brief and precise, definitions of what an invasive species is (Castri 1990; 

CBD 2002; Elton 1958) 

At the Convention on Biological Diversity sixth Conference of the Parties (COP6) in 2002 (CBD 

2002), a definition of an Alien Invasive Species was approved and has now been ratified by 168 

nations.  The definition that the parties could agree on is the following:  

Alien invasive species: An alien species whose introduction and/or spread threaten biological 

diversity. 

In order to fully understand this definition, the following terms was also defined: 

Alien species: A species, subspecies or lower taxon, introduced outside its natural past or present 

distribution; includes any part, gametes, seeds, eggs, or propagules of such species that might 

survive and subsequently reproduce. 

Introduction: The movement by human agency, indirect or direct, of an alien species outside of its 

natural range (past or present). This movement can be either within a country or between countries 

or areas beyond national jurisdiction. 



 
 

Figure 1: Map of the British 
maritime systems principal 
steamer routes 1889. Intentional 
and unintentional transport of 
species around the globe made 
possible (Porter 1991).  

Transport vectors 

Human-mediated dispersal of species is the sole reason for biological invasions. Transport of 

species from their native range to a new area by humans, has taken place since mankind started to 

migrate (Castri 1990; Wilson et al. 2009). The dingo is an example of an ancient dispersal by 

humans, it was introduces by man to Australia around 5000 years ago as a domesticated dog from 

East Asia probably in connection with the Austronesian expansion (Savolainen et al. 2004).  

Up through time a moderate human-mediated dispersal of species has taken place. When 

Europeans started to explore the world by sea in the second half of the 15th century and on, the 

intentional and unintentional transport of alien species was intensified. Colonization of new 

continents and opening of new trading routes,  lead to a vast amount of transport of species, 

especially plants, between continents and hemispheres (Heywood 1989; Sykora 1990).    

The transport of goods between e.g. the British colonies around the world increased during the 

1800 century (figure 1). Expansions of the colonies also lead to a need to be able to transport goods 

further inland. This was achieved by digging canals and later building railroads, which lead to 

further spread of species (Mack 2003).   

 

In recent times all forms of natural barriers have been broken down by increasing amount of air 

transport, between continents, within continents and within countries. With air transport the 

transport time has been significantly reduced, which facilitate species in reaching suitable habitats. 

Plants can now be transported as growing vegetative plants instead of just  seeds or other dormant 

life-forms, as well as living animals are easily transported (Mack 2003).   

Invasive stages 

In order for a species to become an invasive species in a new environment there are several stages 

that it needs to successfully overcome (figure 2) (Cronk & Fuller 1995; Kolar & Lodge 2001; 

Lockwood et al. 2007). 

Introduction: The transport of the species must be done by humans, either intentionally or 

unintentionally. The species needs to survive the transport. There are chances that it might die 



 
 

Figure 2 shows the different stages in 
the invasive process. From (Kolar & 
Lodge 2001). 

during transport e.g. due to poor transport conditions, or that it might get destroyed during or at 

the end of the transport, e.g. by customs.    

Establishment: Once a species has been introduced to an area outside its natural range, it needs to 

establish a self sustainable population otherwise face extinction in its new environment. In order 

for the species to succeed, the ecological and climatic conditions need to be favorable as well as the 

ability to overcome any potential genetic inbreeding problems.   

Spread:  An established population needs to grow in abundance and expand its geographic range.  

Impact: When widespread and abundant it might start to cause ecological or economic harm, and 

hence becomes defined as invasive. 

 

 

 

 

 

The tens rule 

From exciting data Williamson (1996) made an analysis of the different stages in the path to 

becoming an invasive species; introduction, establishment and spread. He found that between 5 and 

20 percent, with an average of 10 percent, transition through each stage of the invasion process. 

This means that approximately 10% of the introduced species establish, 10% of the introduced 

established species spread, and 10 % of these will have an ecological or economical impact on the 

native biota, and thereby be defined as invasive species. This means that in theory 1 in every 1000 

species introduced to an area outside its native range will become invasive.  



 
 

Figure 3: The lag-time is seen as 
the lag phase in an exponential 
population growth curve 

Jeschke & Strayer (2005) finds that the tens rule do not apply for animals. This rule should only be 

used as a rule of thumb, and illustrates that we can only guess which species will become invasive 

and which will not (Lockwood et al. 2007)  

Lag time 

There is often observed a lag-time from a species is first introduced until it rapidly expand its range 

and then becomes invasive (figure 3). Due to the lag time, a species can be present in its new area 

for many years before an invasive behavior can be detected by the scientist. There are different 

potential reasons for this lag-time (Crooks & Soulé 1999; Lockwood et al. 2007). 

 The nature of population growth and range expansion: species with longer reproduction 

rates has a natural longer lag-time. 

 Threshold of detection: individuals of species are not always obvious until they reach a 

certain population size.   

 Biotic interaction: plant species can be introduced as e.g. ornamental plant can be unable to 

reproduce because of lack of pollinators, if pollinators are introduced the species can 

reproduce and spread. 

 Environmental factors: an increase in habitat, availability of food resources, increased 

propagules pressure, intra-species interaction – removal of one species may induce the 

spread of another.  

 Genetic factors – the Allee effect: populations not being able to sustain minimal 

reproductive and survival rates, e.g. not being able to attract pollinators or find a mate, 

adaptations to the new habitat.  

Lag-time varies from species to species and is sometimes short, lasting only a couple of generations 

as seen on Hawai‟i with a lag-time of 14 years for woody plants and 5 years for herbaceous plants 

(Daehler 2009) or long as seen in invasive woody shrubs and trees in Germany which had an 

average lag-time of respectively 131 and 170 years (Kowarik 1995).   

 

 



 
 

Invasion hypotheses  

 

Transport 

The distance a species is transported away from its native range can affect the success of the species 

in the new environment. The further away a species is transported from its native range, the greater 

the probability that it‟s natural enemies; pathogens, parasites and predators, will be absent in the 

new area, this is called the “enemy release hypothesis”. With no or few natural enemies the species 

will have a greater success at establishing and spreading in the new area (Keane & Crawley 2002; 

Wilson et al. 2009). 

Another way the transport itself can influence the success of the alien species in the new 

environment is by the creation of a transport route by which new propagules repeatedly are being 

added to the new area. This constant influx of propagules will increase the establishment success, 

e.g. by increasing the genetic diversity (Lockwood et al. 2005). 

 

Invasive habitats 

There are several factors that make a habitat more prone to an invasion of a non-native species.   

Disturbance has often been linked with invasiveness of communities (Burke & Grime 1996; Elton 

1958; Williamson 1996).  If a native species cannot adapt or acclimatize at all, in case of a sudden 

disturbance of its habitat, a pre-adapted exotic species can settle in the area and become invasive 

(Mack et al. 2000). Although the increasing disturbance enhances the rate of invasion  other 

interaction such as e.g. plant type and environment type interact and effects the outcome as much 

as the disturbance itself (Higgins & Richardson 1998).   

Species rich communities has been believed to be more resistant to invasions, since they utilize 

most or all of the available resources, this leaves little resources left for new species. The unused 

resources in the species poor communities can be defined as empty niches. These empty niches is 

easily occupied by a new species, which then can become invasive (Elton 1958). In a evaluation of 

theoretical and empirical work linking diversity and invasions, Levine & D'Antonio (1999) found 

that this prediction often is supported. Other studies have shown the opposite; more diverse 

communities are more invasible than less diverse, probably due to ecological factors spatially co 

varying with diversity, and not the effects of diversity itself (Levine 2000; Levine & D'Antonio 

1999; Lonsdale 1999) .  

Characteristics of invasive species 

There have been attempts to describe common traits that characterize invasive species. The ability 

to reproduce sexually and asexually, rapid growth from seedling to sexual maturity, adaption to 

environmental stress and high tolerance to environmental heterogeneity are some of the traits 

proposed for weedy plants by (Baker 1974). These traits have only been supported by few empirical 



 
 

data, and species with these traits differ in invasiveness and invasive species often only have a few 

of the traits. No single traits can be defined for all invasive species, traits seems to differ between 

the different habitats and species groups(Sakai et al. 2001). 

Rejmanek & Richardson (1996) found when analyzing life history traits if Pinus, that three life traits, 

mean seed mass, minimum juvenile period and mean interval between large seed crop, could be 

used to create a discriminant function to predict the invasiveness of the genus.  When applied to 40 

species of invasive woody angiosperms the model classified 38 of the species as potential invasive. 

They conclude that it can be used as a general screening tool for detection of invasive, woody seed 

plants. It has later been shown that these descriptive life traits do not follow this pattern in invasive 

species in a subtropical hardwood forest (Horvitz et al. 1998). 

More general, invasive species has been characterized as r-selected life history with the ability to 

exploit pioneer habitat, high fecundity and high growth rate and further on the ability to shift to K-

selected strategies which are better competitors and has a higher probabilities of surviving in a 

species rich community, but these hypothesis have not been proved empirically (Sakai et al. 2001).   

Goodwin et al. (1999) found that that geographical range of a species native range is a predictor of 

the species invasiveness. The larger the native range, the more likely it is, that a species will become 

invasive if introduced into a suitable habitat, since there is a larger probability that it will be 

transported in the first place and it has a wide environmental tolerance.  

Effects of invasive plants 

Invasive plant species can have very different effect on their new environment. The following are 

examples of these effects: 

Changes in species composition shown as decreased species diversity by e.g. shading as seen with 

Cinchona pubescens on the Galápagos islands (Jäger et al. 2009)   

Altering the ecosystem development e.g. due to nitrogen fixation as seen on Hawaii with M. faya 

which colonizes bare lava ground, fixes nitrogen which facilitate the establishment of non-native 

species (Adler et al. 1998; Vitousek et al. 1987) 

Altering of the physical conditions by modifying the geomorphological processes such as the 

creation of steep tall dunes, reduction of inland sand deposition stabilizing inland dunes as seen 

with Ammophila arenaria on the west coast of U.S.A. (Dukes & Mooney 2004), or cause sediment 

accumulation and disruption of waterways as seen with Mimosa pigra in Australia (Lonsdale et al. 

1989). 

Invasive plant species can alter the fuel availability and fire regimes by e.g. increasing/decreasing 

plant tissue flammability, or by changing the continuity of the vegetation which e.g. enables fire to 

spread from the ground to tree tops. Eucalyptus spp. is an example of a introduced species which 

promotes fire in North America(Brooks et al. 2004; D'Antonio & Vitousek 1992).    



 
 

Hybridization between native and introduced species can lead to displacement of the native species 

by either a hybrid form or in the end by the introduced species(Huxel 1999). In salt marshes of San 

Francisco Bay the invading Spartina alterniflora is pollen swamping and has a higher male fitness 

compared with the native S. foliosa which could lead to serial genetic assimilation the native 

population (Anttila et al. 1998).    

 

Mosses 
Mosses (bryophyta) are non-vascular plants and compose of the second most diverse phylum of 

land plants with approximately 13.000 species (Goffinet et al. 2009). 

Reproduction 

Moss can reproduce either sexual or asexual. Sexual reproduction, the transport of spermatozoids 

to the egg cell is, only possible in water, therefore gamete dispersal is very restricted, which results 

in a high self-fertilization (During 1992). The sexual reproduction leads to the development a 

sporophyte with a capsule containing spores, that are released and mostly spread by wind (During 

1979). There are produced a large amount of spores per capsule, one species was found to have an 

average of 712.000 spores with a germinability in a laboratory study of 97%. In the field the 

germinability in assumable suitable habitats is much lower at around 9x10-4 % – 5x10-3 % (Hassel & 

Söderström 1999). Small spores are able to disperse farther than larger (During 1979).  

Asexual reproduction happens vegetativly by means of gemmae, tubers, breaking-off of leaf tips or 

protonemal growth from detached plant parts or cells, which then establish and grow to a new 

plant. Asexual reproduction can happen at a lower age than sexual, since there is no need for the 

development of the sporophyte (During 1979). Establishment success from vegetative fragments is 

much higher than that of spores, but it is still dependent on the species and the habitat conditions 

(Cleavitt 2001; Miles & Longton 1990). 

Ecology 

Furnes & Grime (1982) studied an range of temperate mosses, and found that the optimal 

temperature for growth in most of the species was between 15°C - 25°C. All the investigated 

species died at temperatures of 35°C. The optima for mosses are lower than those of vascular 

plants which agree with the tendency that mosses of temperate region exploit the cooler and 

moister seasons of the year to grow. The study also suggest, that species from habitats which are 

thermally extreme, are able to grow over a wide range of temperature and are tolerant of high 

temperatures. Whereas species from more thermally stable habitats, has a narrow growth range 

temperature wise and lower tolerance of high temperatures.  

Mosses are dependent on moisture in order to be able to photosynthesize, but often live in exposed 

habitats which dry out. They are able to dry up for longer periods of time, with suspended to low 



 
 

metabolism and no photosynthesis, and instantly start to photosynthesize when the moister again 

occurs(Proctor 2000). 

Mosses and invasion 

Mosses have rarely deliberately been introduced to areas outside their natural range, due to the 

limited ornamental or other value they possess. Little evidence is present of introductions of 

mosses to Europe, it is therefore difficult to determine if a moss species is native, immigrated or 

introduced. Different criteria can be used to determine if a moss is introduced or not. Subfossil 

records of a species can be used to rule out it as an immigrant or as introduced. Change in a species 

geographic distribution, e.g. radiating from a single point is a sign of an introduction or migration. 

The same is an unusual distribution pattern; occurring in an area on the northern hemisphere and 

has a wide distribution on the southern hemisphere, or occurring in an area but not in another area 

with similar environment. Less genetic variation in one population compared to a known 

population in its native distribution area, could indicate the population has arisen from a few or just 

a single individual or spore (Söderström 1992). Even when these criteria are put up, it is still 

difficult to determine if a species has immigrated or been introduced.     

 

In Europe , only 22 European neophytic moss species have been found to be present in Europe 

and out of these only 3 are showing invasive behavior,  Orthodontium lineare, Riccia rhenana and 

Campylopus introflexus (Söderström 1992). This low number of neophytic species could be much 

higher due to the difficulties in determine if a species is new to an area or it could also just reflect 

the little traffic of moss that has been.  

Species which produce a large amount of spores may colonize new localities more frequently than 

species which produces a smaller amount of spores, or large diaspores (Söderström 1992).  Species 

with small spores may therefore be a better colonizer and in a higher risk of becoming invasive if 

established outside its native range.  

One of the negative effects of an invasive moss species can have in a new environment is to reduce 

the emergence of seedling of vascular plants by up to 30% (Tooren 1990). 

 

 

 
 



 
 

Figure 5: Campylopus introflexus with reflexed 

hyaline hair tip. Foto by JJ Wuilbaut. 

 

Campylopus introflexus (Hedw.) Brid.   

Anatomy and morphology  

Plants are 0.5 – 5 cm often found in dense mats of yellowish to olive green colour. Leaves are 4-6 

mm, lanceolate with a hyaline hair tip, which is 90° reflexed (Frahm 2002) (figure 4 and 5).  

Asexual reproduction can occur occasionally by deciduous stem tips which easily break off and are 

blown away by the wind (Meulen et al. 1987). Seta 7-12 mm, yellowish brown to brownish in age, 

often with several sporophytes from the same plant, curved or sinuose. Capsules are brown, 1.5 

mm, slightly asymmetric and curved when empty. Spores are small, 12-14 µmm (Frahm 2002).    

 

 

 

 

Taxonomy  

The genus Campylopus belongs to the family Dicranaceae. Campylopus introflexus was first described in 

1801 by Joannis Hedwig in his posthumous “Species Muscorum Frondosorum”, as Dicranum 

introflexus (Richards 1963). In 1819 Samuel Elisée Bridel-Brideri uses the name Campylopus introflexus 

to describe the species. The European Campylopus polytrichoides DeNot. (= C. pilifer Brid.) is in 1869 

by William Mitten described as a synonym of Campylopus introflexus from the southern hemisphere. 

The two species was considered as one until 1955 when Dr. V. Giacomini publishes his results of 

his study of Campylopus introflexus (Hedw.) Brid. and Campylopus polytrichoides DeNot, which shows 

that they are in fact two different species, separated by a number of morphological characters and 

with different but overlapping geographic distribution (table 1) (Giacomini 1955; Richards 1963). 

Reliable systematic and biogeographical circumscriptions of the species wasn‟t achieved until a 

decade later (Stech & Dohrmann 2004)  

Figur 4: Campylopus introflexus at Fanø, Denmark.        
Foto by author.  



 
 

The two species overlap in distribution in southern Africa, western USA, in Europe; on the British 

Isles and the western south-western part of Europe from the Netherlands to Italy (Gradstein & 

Sipman 1978). In these regions the species can be differed in several ways (Stech & Dohrmann 

2004).  

  Campylopus introflexus Campylopus pilifer 

Hyaline hairpoints at the leaf tips in dry condition Reflexed about 90° Erect 

Height of lamellae on the dorsal surface of the costa 1-2 cells 2-7 cells 

Length of seta (5-)7-12 mm 3-5.5  mm 

 

 

 

There is a variant of Campylopus pilifer which resembles a mixture of the two species with erect 

hyaline hairpoints in dry condition, but with a height of the lamellae of only 2 cells. This variant, 

Campylopus pilifer var. brevirameus (Dix.) has already been found several places in the western part of 

Europe, South Africa, Seychelles, Réunion, Argentina some of the places coexsisting with C. 

introflexus. It cannot be confirmed nor excluded that Campylopus pilifer var. brevirameus is of 

hybridogenous origin (Frahm & Stech 2006). 

 

Distribution 

Native distribution 

Campylopus introflexus has a native distribution on the southern hemisphere in South America, 

southern part of Africa, parts of Australia and several south Pacific, Atlantic and Indian ocean 

islands (figure 6).  

It prefers temporarily dry to humid, non-calcareous, humous or mineral soil, at low elevations and 

in open habitats  It can also be found on bases of trees or rotten wood  (Gradstein & Sipman 

1978), and it is found in disturbed or burnt areas and road cuttings (Streidmann 2002).   

Tabel 1: Differences between Campylopus introflexus and Campylopus pilifer. (Richards 1963) 



 
 

 

Figure 6: The present distribution of Campylopus introflexus. Black colouring: Native distribution. Red coloring: 

Neophyte distribution. See appendix I for larger map and detailed description of sources. 

Neophyte distribution  

Campylopus introflexus was first discovered outside its native range in 1941 in Great Britain. All 

previously records of the species from was found not to be Campylopus introflexus (Richards 1963). 

From 1941 an onwards it spread out over Great Britain and Ireland and then on to mainland 

Europe where it was first discovered in 1954 in Brittany (France) (Størmer 1958), then followed the 

Netherlands in 1963 (Barkman & Mabelis 1968),  Belgium in 1966 (Jacques & Lambinon 1968), 

Germany in 1967 (Neu 1968), Denmark in 1968 (Frahm 1971), Faroe Islands in 1973 (Boesen et al. 

1975), Sweden in 1976 (Johansson 1977), Norway in 1978 (Øvstedal 1978), Luxembourg in 1979 

(Werner 1979), Spain in 1980 (Casas et al. 1988), Austria in 1980 (Grims 1980), Switzerland in 1980 

(Urmi et al. 2007), Iceland in 1983 (Magnússon 2009), Poland in 1986 (Lisowski & Urbañski 1989), 

Czech Republic in 1988 (Novotný 1990), Slovakia in 1995 (Holotova & Soltes 1997), Portugal in 

1996 (Sérgio 1997), Lithuania in 1996 (Jukoniené 2003), Russia - in Kaliningrad Province in 2000 

(Razgulyaeva et al. 2001), Latvia in 2000 (Abolina & Reriha 2004), Hungary in 2006 (Szücs & 

Erzberger 2007), Estonia in 2007 (Vellak et al. Submitted 2009).  

Campylopus introflexus’s distribution in Europe now ranges from Iceland in north to Italy in South, 

and from Ireland and Portugal in west to Estonia and Hungary in the east (figure 7), and has been 

reported invasive in several countries, e.g the Netherland (Ketner-Oostra & Sykora 2004), 

Denmark, Germany, Poland and Sweeden (Weidema 2006) 



 
 

 

 

Campylopus introflexus was reported from the Campania region in Italy in 1956 (Reimers 1956) but 

since this collection was probably made without knowledge of Giacominis distinction between the 

two species Campylopus introflexus and Campylopus pilifer in 1955 (Giacomini 1955) it is very likely that 

there at this southern location with no nearby presence of Campylopus introflexus at the time, in fact is 

the species Campylopus pilifer. The other and probably only observation from this southern region is 

from 1965 so the presence today at this southern location needs to be confirmed. It is though 

included on the map.   

According to Adam Stebel the lack of registrations of Campylopus introflexus in the central part of 

Poland is due to lack of studies in the area rather than lack of its presence (Stebel 2009).  

Outside Europe it was first registered as a neophyt in California, USA in 1975 (Frahm 1980) where 

it is now invasive (pers. comm. Brent Mishler), and in Oregon, USA in 1981 (Christy et al. 1982), it 

was first observed in Canada in 1994, where it was found on a bog in British Colombia (Taylor 

1997) All previously specimens of supposed Campylopus introflexus from North America, manly 

collected in the south eastern part of USA, had proven to be Campylopus pilifer (Frahm 1980). 

 

Invasive history 

The first record of Campylopus introflexus in Europe was in Great Britain in 1941 (Richards 1963), 

another potential invasive moss species Orthodontium lineare was first found in Great Britain in 1910. 

Hassel & Soderstrom (2005) showed the two species cumulative number of vice-county records in 

Figur 7: Current distribution of 
Campylopus introflexus on regional 
scale in Europe shown in red. See 
appendix II for larger map and 
detail description of sources. 

 



 
 

Great Britain occupied with time (figure 8). Campylopus introflexus seems to have a much shorter lag-

time and a more aggressive dispersal/colonizing face than Orthodontium lineare. It is suggested that it 

could be due to Campylopus introflexus’s ability to disperse asexually or the fact that there is more 

suitable habitats for Campylopus introflexus  than Orthodontium lineare in Great Britain (Hassel & 

Soderstrom 2005)    

  
 
Figur 8 Cumulative number of vice-
county records of Campylopus introflexus  
and Orthodontium lineare in Great Britain 

from Hassel & Soderstrom  (2005).  

 

 

 

 

Origin of invasion 

It is not known how Campylopus introflexus came to Europe (Richards 1963) nor is it known if it is 

the result of one or more introduction. A molecular study of C. introflexus collected from both its 

native and neophyte distribution, showed that it is a monophyletic taxon, with low intraspecific 

sequence variation which makes it impossible to determine the origin of the introduced populations 

(Stech & Dohrmann 2004; Stech & Wagner 2005)   

Ecology 

Campylopus introflexus creates dense populations of thick (2-10 cm) cushions of moss. These carpets 

can cover from 25-100% of the soil. The cushions show a layering, with fresh green parts on top, 

and the brown decaying material underneath. In dry weather the moss carpet can be seen divided 

and cracked. Some places the moss seems to have “cracked up” in small pieces and turned over, 

this could be due to mechanical tension within the moss as it grows longer (Meulen et al. 1987), or 

due to birds and other animals foraging for food in the underlying humus layer (Ketner-Oostra & 

Sykora 2008) Even though turned upside down, the moss stays alive for many years (Meulen et al. 

1987). 

 

Campylopus introflexus has a high ecological tolerance and their preferred growing sites differ from 

region and depend on the climate. In Great Britain it is often found on peat, sphagnum bogs, moist 

heaths and sandy soils, which have been disturbed e.g. by peat cuttings or fire.  It is rarely found in 

sheltered places or above 300 m altitude (Richards 1963; Richards & A.J.E. 1975) .   



 
 

In Denmark It can be found in the sandy to humus rich heather in (Bernth 1998) it is widely  

distributed in the open light exposed habitats, but is mostly found in the coastal habitats as well as 

in the heaths (Bruss et al. 2007). Along the western coast of Jutland, it can be found in grey dunes 

(figure 9), along paths and roadsides in sandy soil, in disturbed grassland, on old concrete bunkers 

(figure 10) and on old reed roofs (pers. obs.).  

 

 

 

 

 

  

 

 

 

 

 

 

 

In Sweden Campylopus introflexus can been found up to 110 m on cliff shelves, in the edges of 

swampy areas, along paths and forest edges. It has also been found on burned and exposed peat. It 

is found in moist areas but it‟s mostly found in relative exposed and dry areas, often on southern 

slopes (Hallingebäck et al. 1985)  

In Spain it has been found in drying peat bogs, in heather on dry and sandy clearings, along paths 

and roadsides, and in acidic grasslands and burned areas (Casas et al. 1988).  

In the Czezh Republick which has no coastal regions, it is most often found in changeover spruce 

plantations and pine woods to the young outplantings, forest cuttings on sandy soils and naked peat 

bogs. It has been found up to 1100 m. in altitude (Mikulášková 2006; Mikulášková 2009)   

The coastal areas and dunes of the Netherlands are probably where Campylopus introflexus has been 

studied the most. Here it can be found in non disturbed coastal dunes, where it is most often found 

on dry, stable sites with leached, relatively acid (pH4-6) slightly humose top soils in the mid-

innermost dune zones, 1500-3500 m inland, but it has also been found on the primarily calcareous 

dunes (Meulen et al. 1987). It is not only found in the undisturbed areas. An increase in the number 

of deer and wild sheep in a Dutch national park lead to an increase in the presence on C. introflexus, 

due to the increased disturbance by grazing- and trampling-pressure which creates gaps in the 

vegetation but also fragmentation and dispersal of Campylopus introflexus (Biermann & Daniels 1997). 

In the colder climate of the North Atlantic island of Iceland Campylopus introflexus can only be found 

on geothermal ground within the volcanic active zone (Magnússon 2009). In the cold climate of the 

Figure 10: Campylopus introflexus on concrete 

bunker. Fanø of Western Jutland 2008 foto by 

author.  

Figure 9: Campylopus introflexus in grey dune 

habitat. Fanø of Western Jutland 2008 foto by 

author. 



 
 

South Sandwich Islands in the South Atlantic Campylopus introflexus can be found close to 

geothermally active ground at temperature at the surface of the moss cover above 40°C and with a 

mean temperature 5 cm into the moss cover of just over 42°C. Campylopus introflexus was also found 

growing on sites where temperature 2.5 cm into the vegetation was reaching between 50-75 °C, but 

at these hot sites only the top 1-2 cm of the moss vegetation was alive (Convey & Lewis 2006). In a 

geothermal area in Italy its maximum abundance was found at soils temperature (5 cm below 

surface) at about 45°C (Chiarucci et al. 2008) 

Effects of Campylopus introflexus 

Flora 

During a 14 year study in The Netherlands (Biermann & Daniels 1997) it was observed that dry 

sand grassland changed from being dominated by lichens in 1981 to becoming a monotonous 

dense carpet of Campylopus introflexus introflexus with an open canopy of Corynephorus canescens in 1994. 

The authors suggest that a series of events leads to this Campylopus introflexus dominated vegetation. 

Stress from dry summers and dry and cold winters and an increase in grazing- and trampling-

pressure due to a larger amount of deer and wild sheep have resulted in the disappearing of a lot of 

lichen species. The increased number of animals also led to fragmentation and dispersal of 

Campylopus introflexus and an increase in non-vegetated surfaces with bare sand and litter, which were 

easily reoccupied by Campylopus introflexus. A follow up on the study area in 2004 (Daniëls et al. 

2008) showed that the Campylopus introflexus dominated areas are being succeeded again by lichen. 

The authors state that the impact of Campylopus introflexus is only local and temporal. It is suggested 

that this succession might take after at least 15-20 years under stable environmental condition.   

Since the 1970s Campylopus introflexus expanded considerably both in distribution and in cover in the 

inland dunes of the Netherlands. This encroachment has led to the reduction of lichen-rich plant 

communities. It did influence species composition, but the succession of plant communities 

remained the same and in some communities lichen diversity remained high (Ketner-Oostra & 

Sykora 2008).  A study in Denmark showed the same tendency where encroachment by Campylopus  

introflexus in different vegetation composition in heather did not change the vegetation into a 

uniform composition,  but became part of the composition at each site (Bernth 1998) 

Ketner-Oostra & Sykoras study (2008) also showed that encroachment of Campylopus introflexus into 

the moss carpet of Polytrichum piliferum had no influence on lichen establishment. Both pioneer, 

humicole and aero-hygrophytes where present. The authors conclude that species of the three 

lichen groups mentioned can establish themselves on and between the mosses (live, dead in parts, 

or humified) in a mixed carpet of Campylopus introflexus and Polytrichum piliferum, and also when 

Campylopus introflexus is the dominant (Ketner-Oostra & Sykora 2008). 

In another study in the Netherlands, Hasse (2007) found that Polytrichum piliferum showed a steady 

frequency decline in the Campylopus introflexus-dominated plots, whereas Campylopus introflexus did 



 
 

not decline in the Polytrichum piliferum dominated plots. The relative decline of Polytrichum piliferum in 

comparison to Campylopus introflexus indicates, according to the author, a higher competitive capacity 

of Campylopus introflexus which also is able to suppress the native moss. It was though observed that 

Campylopus introflexus replaced Polytrichum piliferum in large areas altering the structure of the 

ecosystem.  

No difference was found in the vegetation development between undisturbed stands dominated by 

Polytrichum piliferum and by Campylopus introflexus, and carpets of both species were gradually and at 

the same speed colonized by lichens, most successful were the species Cladonia coccifera, Cladinoa 

ramulosa and Cladonia floerkeana. Most lichens managed to colonize dead as well as living parts of the 

moss carpets (Hasse 2007).  The author suggest this may indicate that they in the long term are 

replaced by lichen. The data provide no evidence that a moss carpet of Campylopus introflexus causes 

permanent damage to the development of Corynephorus canescens vegetation during a period of several 

years (Hasse 2007). This is supported by Minarski & Daniëls (2006) who observed that after 

approximately 10 years of Campylopus-dominance in Corynephorus canescens grassland, the lichen 

vegetation recovered during progressive succession. Hasse (2007) suggests that it is conceivable that 

Campylopus introflexus can be a potential major threat to the native vegetation if it covers a the whole 

dune complex and diospores from lichen therefore aren‟t available.  

The germination of seeds of Calluna vulgaris is significantly negatively affected by the carpet of 

Campylopus introflexus, a reduction in 60% on the amount of germination. This depressive impact on 

germination is mainly due to a result of a proportion of seeds being lost because they sink into the 

moss carpet and are then deprived of light. Some seeds are trapped near the apices of the moss 

shoots where they may germinate if enough water is present; but they face a risk of drying, 

fragmentation, overturning and uprootin (Equihua & Usher 1993). A field experiment also showed 

that Campylopus introflexus has a significant negative effect on the germination of seeds of Calluna 

vulgaris (Bernth 1998). 

The carpet of Campylopus introflexus has a positive effect on the post-germination performance of the 

seedlings of Calluna vulgaris. Under glasshouse conditions the seedlings grow quicker and also 

mature and reproduce earlier. After eight months the production of reproductive biomass of the 

plants that grew on the moss carpet was 10 times larger than those grown on bare ground (Equihua 

& Usher 1993). They also examined Campylopus introflexus for an allelopathic effect on the 

germination of Calluna vulgaris, but found no effect.   

 

 

Fauna 

A study in the Netherlands (Vogels et al. 2005) showed moss-encroachment by Campylopus introflexus 

in lichen rich grey-dunes have a large impact on soil-entomofauna both above and below the 



 
 

ground. Moss encroachment leads to the formation of a humus layer in the dry dune grassland or 

grey dunes. The Sciaridae and the Empidoidea showed a preference for moss-encroached 

vegetations, due to formation of a thicker humus layer. The thicker humus layer facilitates the 

settlement of soil-inhabiting larvae due to changes in the microclimatic conditions in the soil, which 

leads to e.g. smaller risk of desiccation.  

An increasing homogeneous surface of a moss-encroached area, leads to a shift in species 

composition, from day-active to night active species, which Vogels et al. (2005) suggests could be 

due to a more extreme warm and dry micro-climate, with less opportunity for shelter during the 

day. The activity of the Carabid beetles and spiders was much lower in the moss-encroached 

vegetation types, which is suggested, reflects lower densities in the moss-encroached vegetation 

types. The authors suggests this is due to a lower amount of food in the moss-encroached dry dune 

grassland since spiders and carabid beetles are primarily limited by food abundance(Vogels et al. 

2005).  

In The Netherlands the encroachment by Vogels et al. introflexus has been mentioned as one of the 

reasons why the Tawny Pipit (Anthus campestris) has disapered from the Dutch dunes, due to a 

change in microclimate that may have lead to a decrease in arthropods availability and thus food 

abundance for the bird (Turnhout 2005). 

 

Control  

Studies suggest that Campylopus introflexus do not tolerate burying by sand. A study on the effects 

reactivation of artificially stabilized blowouts in coastal dunes showed that Campylopus introflexus 

disappears if the accumulation of sand exceeds a few mm. per year (Boxel et al. 1997). Ketner-

Oostra & Sýkora (2000) observe that Campylopus introflexus appeared to be dead, due to sand blown 

in as an effect of a dry summer. A deposit of 2 mm of sand three times during 4 months was not 

enough to kill the moss carpet (Hasse & Daniels 2006), this could indicate that repeated coverage 

over several years is needed before the Campylopus introflexus dies.   

The disturbance of the moss carpet did not influence the succession at the scale of five years. A 

single disturbance event did not change the direction of succession. The dominance of the moss 

was not inhibited by this disturbance, since the moss fragments mostly stayed alive and were able to 

form new shoots that colonized  newly created gaps (Hasse 2007). Campylopus introflexus  started to 

form continuous moss carpets three years after the experiment, the author therefore characterized 

Campylopus introflexus as being highly resistant to mechanical disturbances, which may indicate that 

time, and not disturbance leads to a replacement og these moss carpets by lichen vegetation (Hasse 

2007).   

Dunes areas with high aerial nitrogen deposition in the Netherlands encroached by moss such as 

Campylopus introflexus and grass vegetation which normally would have a lichen rich community has 



 
 

undergone experiments to restore the high diversity cryptogam cover by sod cutting – the removal 

of vegetation down to bare sand, and fire. The sod cutting did not restore the cryptogam diversity. 

Four years on Campylopus introflexus returned almost to the same cover percentage as before the sod 

cutting but coexisting with more species of moss and higher plants (Ketner-Oostra & Sykora 2000). 

Fire was also unable to restore the high diversity cryptogam community and resulted in a dense 

cover of Campylopus introflexus (Ketner-Oostra et al. 2006).    

When exposed to the herbicide Asulox [methyl (4-aminophenyl sulfonyl) carbamate] which is used 

to control the spread of bracken (pteridium aquilinum) Campylopus introflexus showed a little reduction 

in growth but was not killed by the herbicide (Rowntree et al. 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Coastal dune system and their protection 

Coastal dune system 

The Danish nature consists of different types of habitats, which almost all have been or are being 

affected and by human activity. Some of the last pristine nature left en Denmark is the coastal 

habitats which consist of 2 % of the Danish land area (Petersen & Vestergaard 2006). These coastal 

habitat types are therefore of great conservation value.  

The European coastal dunes are a threatened habitat. Since 1900 25% of Europe‟s coastal dunes 

have been lost, and 55% of the remaining coastal dunes have lost their natural appearance 

(Heslenfeld et al. 2008).   

  

Coastal dunes are formed in areas where large amounts of sand is available, wind and changes in the 

structure of the surface, either geological or biological, on the coast are the main reasons why dunes 

are formed (Binderup 2006). When a coastal dune is formed it goes through a succession, from a 

foredune to an inland dune. Each stage in the succession is characterized by different plant 

communities (Maun 2009).  

The successional stages of the Danish coastal dunes, which mostly are part of the Atlantic coast, 

starts with the embryonic shifting dune, which has few salt tolerant species, some of which aids the 

fixture of the sand by its rhizome and shoot systems, such as Leymus areanarius and Elytrigia juncea 

(Petersen & Vestergaard 2006).  

The next stage is the dynamic white dune which is dominated by Ammophila arenaria, these dune can 

reach 10-20 meters in height. In time the white dune becomes more stable, lower and more species 

rich with herbaceous vegetation. Depending on the vegetation type and the soil properties of the 

fixated dune, two main types are distinguished, the green dune and the grey dune. The green dune 

is characterized by a high presence of chalk resulting in a high pH around 7, with more or less 

closed perennial grasslands. The grey dune is characterized by a low presence of chalk resulting in a 

pH<6 and a low amount of angiosperms, instead an abundant carpet of lichens and mosses can be 

found (Petersen & Vestergaard 2006).  

The grey decalcified dune can in time be populated by dwarf shrubs in which it evolves to a dune 

heath the final stage before forest. Species such as Empetrum nigrum and Calluna vulgaris are amongst 

the dominating species (European-Commission 2007; Petersen & Vestergaard 2006) 

The grey dune and the dune heathland are priority habitat types within the European Union, they 

are considered to be particularly vulnerable and are mainly found within the European Union. 

Special effort in order to maintain a favorable conservation status should be taken (European-

Commission 2007).  

The lichen rich grey dunes are threatened by encroachment of grass and Campylopus introflexus due to 

increased atmospheric nitrogen deposition (Ketner-Oostra & Loo 1998; Ketner-Oostra et al. 2006).  



 
 

 

 

Protection 

The European coastal habitat types are protected though the EU habitat directive (Council 

Directive 92/43/EEC). More than 200 habitat types have been defined and protected through the 

habitat directive, around 60 of these can be found in Denmark. These habitat types are either in 

danger of disappearing from their natural range, has a limited natural range, due to decline or 

natural limited range, or characteristic for different parts of Europe (BLST 2009a). Each habitat 

type is defined by a four digit number.     

The habitat directive was adopted by the European Community in 1992 in order to meet its 

obligations as a signatory of the Convention on the Conservation of European Wildlife and Natural 

Habitats (Bern Convention). The main goal in the habitat directive is to “contribute towards 

ensuring bio-diversity through the conservation of natural habitats and of wild fauna and flora”. It 

states that the member countries are obliged to designate sites as special areas of conservation 

(SAC) and that they should set up a system for surveillance of these areas (EU 1992). These special 

areas of conservation represents, together with the special protection areas for birds (SPA) under 

the Bird directive (Council Directive 79/409/EEC), the Natura 2000 network which spans across 

Europe.    

Denmark has appointed 246 Natura 2000 areas which contains 254 SAC and 113 SPA and cover 

around 3590 km2 (8.3%) of the land area and around 13.050 km2 (12.3%) of the sea. For each area a 

binding management plan is made (BLST 2009b). Denmark is committed to ensure the appointed 

nature areas do not degrade and that steps are taken to ensure a favorable conservation status.    
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Abstract 
 

The alien invasive moss species Campylopus introflexus can be found at a wide variety of 

habitat types, on cliffs, peat bogs, heather, forest clearings, and coastal dune systems 

where it is most often found in Denmark. The species was first discovered in 

Denmark in 1968 and has spread throughout the country since. In this study it is 

investigated which coastal habitat types are preferred by the moss by the use of a 

DCA- gradient analysis. An indicator species analysis was performed to display which 

species primarily can be found co-existing with C. introflexus in the coastal habitats. 

The development of abundance of C. introflexus in the coastal dune system was also 

investigated. Campylopus introflexus was found to prefer the dry the grey dunes with a 

relatively low pH and low nutrient availability. C. introflexus was found to rarely be 

present without one or more Cladonia species which indicates that these will suffer 

under the expansion of C. introflexus. A better surveillance of the individual Cladonia 

species is needed in order to monitor the full effect. Campylopus introflexus was found to 

have doubled its presence in permanent sampling plots from 2004-2008, but due to 

the variable quality of the NOVANA surveillance program this progress needs to be 

confirmed by other studies.  



 
 

Introduction 
 

A species has a preference for different abiotic and biotic factors of e.g. temperature, moisture, 

nutrient and presence of prey or symbiotic species – its ecological niche. Limitations of these 

factors are often the reason why a species is more abundant in certain habitats and often found in 

association with other species with similar ecological preferences. The alien invasive species 

Campylopus introflexus has a very wide ecological niche and can be found on such different habitats as 

low elevation cliff shelves, on bases of trees or rotten wood, drying peat bogs, in heather on dry 

and sandy clearings, along paths and roadsides, in acidic grasslands and burned areas, in changeover 

spruce plantations and pine woods, forest cuttings, on geothermal ground within the volcanic active 

zone (Casas et al. 1988; Convey & Lewis 2006; Gradstein & Sipman 1978; Hallingebäck et al. 1985; 

Mikulášková 2006; Mikulášková 2009). In Denmark Campylopus introflexus is mostly found in the 

coastal dune systems, but it is also abundant in the peat bogs (Bruss et al. 2007). Three of the 

habitat types in the coastal dune system, the fixed coastal dunes with herbaceous vegetation-grey 

dunes (habitat type 2130), the decalcified fixed dunes with Empetrum nigrum (habitat type 2140) and 

the coastal dunes with Juniperus spp. (habitat type 2250) are all priority habitat types, which are 

natural habitat types in danger of disappearing which the European Community has particular 

responsibility in view of the proportion of their natural range which falls within the EU. The 

Danish share of the reported area by the EU countries of the three priority habitat types is relatively 

large. 16% (123 km2) of habitat type 2130, 84% (188 km2) of habitat type 2140, and 41.8% (3 km2) 

of habitat type 2250 for the two biogeographic  regions that Denmark lies within, the Atlantic and 

the Continental (Eionet 2009).  

 

The neophyte Campylopus introflexus was registered in Denmark for the first time in 1968 (Frahm 

1971) and has since spread throughout the country (Bruss et al. 2007). In 2004 the national 

surveillance program NOVNA (Box 1) was initiated in order to monitor the condition and 

development with different habitats, including the coastal dune systems. 

 

The aim of this study is to investigate which of the Danish coastal habitat types is preferred by 

Campylopus introflexus and what abiotic factors influence the presence of Campylopus introflexus. I will 

also investigate which species are most often found associated with Campylopus introflexus in the 

coastal habitats in order to se which species will be affected by its increasing coverage. I will further 

more try to see if there has been a change in the presence of Campylopus introflexus at national and 

regional scale from 2004-2008 and evaluate the NOVANA program.



 
 

Material and methods 
 

Sampling methods 

Data used was collected by the Danish counties and later the environmental centers under the 

National Environmental and Planning Agency. Data was collected as the terrestrial part of the 

National program for surveillance of the water environment and nature (NOVANA) (box 1).  The 

monitoring follows the technical specification (Fredshavn et al. 2008) and is done by placing plots 

on sample stations chosen to represent the different habitats included in the monitoring program. 

The plots, 20, 40 or 60 at each sample station are a combination of random and stratified random 

placed plots. The plots consist of a 50 cm x 50 cm square with 16 evenly distributed cross-points, 

the square is surrounded by a circle with a radius of 5 meter. The sampling starts with a pin-point 

registration of species in each of the 16 points, then additional species in the square are registered 

and finally additional species in the 5 meter circle are recorded (figure 1). 

 

 

Figure 1: Square for pinpoint, measuring 5 meter circle, overview of plot. From (DMU 2009) 

 

Only data defined as costal habitat types by the data collector was selected for the analyse in the 

present study. The habitats chosen for analysis was: Embryonic shifting dunes (2110), Shifting 

dunes along the shoreline with Ammophila arenaria („white dunes‟) (2120), Fixed coastal dunes with 

herbaceous vegetation („grey dunes‟) (2130), Decalcified fixed dunes with Empetrum nigrum (2140), 

Humid dune slacks (2190) Coastal dunes with Juniperus spp. (2250) (see table 1).  

 

 



 
 

  

 

Data available for analyses 

The data used for the gradient analysis are species lists from the pinpoint, the centre square and 5-

meter circle registrations from the intensive monitored sample station in 2008 and the extensive 

monitored sample stations in 2004-2009. In all 4946 plots with a total of 688 species was used of 

these plots 549 contained Campylopus introflexus. For the trend analysis only plots with registration of 

Campylopus introflexus in at least one of the years was used from the intensive monitored stations 

(2004-2009) (table 2) 

 

Plots from: NOVANA Gradient analysis Trend analysis 

Intensive monitored stations (2008)  1630 1077  

Intensive monitored stations (2004-2008)   298 

Extensive monitored stations (2004-2009) 3316 2306  

Total 4946 3383 298 

With Campylopus introflexus 549 533 298 

 

 

Habitat 

no. 

Habitat type Description  

2110 Embryonic shifting dunes Formations of the coast representing the first stages of 

dune construction, constituted by ripples or 

raised sand surfaces of the upper beach or by a 

seaward fringe at the foot of the tall dunes. 

2120 Shifting dunes along the shoreline with 

Ammophila arenaria (white dunes) 

Mobile dunes forming the seaward cordon or cordons 

of dune systems of the coasts. 

2130 Fixed coastal dunes with herbaceous 

vegetation (grey dunes)* 

Fixed dunes, stabilized and colonized by more or less 

closed perennial grasslands and abundant 

carpets of lichens and mosses. 

2140 Decalcified fixed dunes with Empetrum 

nigrum* (dune heathland) 

Decalcified dunes colonized by Empetrum nigrum heaths 

of the coasts. 

2190 Humid dune slacks Humid depressions of dunal systems. Humid dune-

slacks are extremely rich and specialized 

habitats very threatened by the lowering of water 

tables. 

2250 Coastal dunes with Juniperus spp.* Juniperus communis formations of calcareous dunes. 

Table 2: Overview of used data from the NOVANA program. NOVANA shows total amount source of 

raw data used for gradient analysis. Gradient analysis shows amount and source used for DCA gradient 

analysis and the indicator species analysis. Trend analysis shows amount and source of data used for the 

trend analysis. 

Table 1: Coastal habitat types from where data was collected. *Indicates a priority habitat type, which is 

threatened within the European community. Definitions from European Commission (2007). 2110 and 

2120 is not part of the NOVANA program but has been registered as secondary habitat.   

 



 
 

 

 

 

Box 1 - NOVANA 

NOVANA is “The national program for monitoring of the aquatic environment and the nature”. 

Its main purpose is to survey the condition of and effects on the aquatic environment and 

terrestrial nature, further more to monitor the developments within these areas (DMU 2004). The 

program was initiated partly due to the Danish governments‟ obligations towards the EU through 

the Habitat Directive – NATURA 2000.  

The areas chosen by the member states as special areas of conservation are all defined to a special 

habitat type according to the EU guidelines (EU 2007). There are 231 European natural habitat 

types in the EU, around 60 of these can be found in Denmark. 28 of these are monitored through 

the NOVANA program.  

Each habitat type is covered by a number of monitoring stations, in which 20, 40 or 60 sample 

plots depending on size and complexity, are distributed randomly an stratified random. The habitat 

type the monitoring stations is suppose to cover called the primary habitat type, a plot within this 

monitoring station can cover another habitat type which then is called the secondary habitat type. 

Intensively monitored stations are monitored each year, while extensively monitored stations are 

monitored every sixth year (Fredshavn et al. 2008). 

Each plot consist of a 50 cm x 50 cm square with 16 evenly distributed cross-points, the square is 

surrounded by a circle with a radius of 5 meter. The sampling consists of a pin-point registration of 

species in each of the 16 points, then additional species in the square are registered and finally 

additional species in the 5 meter circle are recorded. Vegetation height, coverage of woody plants 

and water in the 5 meter circle is also registered as well as if the area is grazed or cut and vegetation 

removed. At station level the coverage of invasive species is registered. Soil and vegetation samples 

are also collected at station level (Fredshavn et al. 2008).           

In the coastal habitat types all vascular plants are registered to species level. Bryopsida is registered in 

the pinpoint as bladmos (Bryopsida) and to species level for the total species list in habitat type 

2130. Lichen is registered as “lichen” en the pinpoint. For habitat type 2130 the lichens are 

registered as the groups Cladonia sp.,s.s. (cup lichen), Cladina sp. (reindeer lichen) and other lichen 

(except cup and reindeer). If doubt arises the Cladonia sp., s.l. (cup and reindeer) can be used. 



 
 

Box 2 – Ellenberg indicator values 

 

Ellenberg‟s indicator values (Ellenberg et al. 1992) describes the ecological optimum along different 

gradients such as, moisture, light, reaction (pH), nutrient availability and more, for many of the 

European vascular plants. All the species evaluated by Ellenberg has been given a numerical score 

based on their preferences. If there is no knowledge of the abiotic condition of an area the average 

weighted Ellenberg indicator value can be used as an indicator of the environmental conditions of 

the area – if a lot of species with preference for dry conditions are found in an area it can be 

assumed that it is a dry area. The relationship between the averaged Ellenberg indicator values and 

the actual environmental variables has been documented in several studies e.g. Shaffers & Sýkora 

(2000) 

 

 

Methods of data analysis 

Habitat type 

The abundance of Campylopus introflexus in the different habitat types was derived from present-

absent data on the 2008 NOVANA registration of the coastal habitat types in order to see which 

habitat type the species is registered most frequent in.  

Gradient analysis  

A gradient analysis was made in order to represent the variation in the species composition of the 

vegetation. The variation is visualized in an ordination space which enables us to see if the different 

habitat types are distinguishable. The locations of the plots containing Campylopus introflexus are 

evaluated using Ellenberg‟s indicator values, which are used to define the gradients of the 

ordination axes.   

For the sake of the robustness of the analytical results all species occurring in 3 or less plots are 

removed, as well as all plots with only 1 species. This act leaves 4937 plots with 498 species and still 

549 contained Campylopus introflexus. 

Ellenberg indicator values (see box 2), were assigned to each species and the weighted average for 

moisture and reaction (pH) of the species in each plot was used to remove all plots with a moisture 

value above 6 and a reaction value above 5.5. This was done in order to leave out relatively moist 

and/ or calcareous plots which are very unlikely to contain Campylopus introflexus. A total of 1474 

plots and a 147 species were removed by this action of these 15 contained Campylopus introflexus. 

This leaves 3463 plots and 351 species for further analysis with a total of 534 plots containing 

Campylopus introflexus 

 



 
 

I have used ordination (box 3) to calculate the variation-axes which represents the variation in the 

composition of species within the plots. A DCA-analysis was made on the data 3463 plots and 351 

species using PC-ORD 5.10 (McCune & Mefford 2006)  

In order to make the area in focus more manageable and to avoid distortions resulting in exceptions 

overruling general patterns outliers and peripheral plots was erased. This leaves 3383 plots and 351 

species for further analysis with a total of 533 plots containing Campylopus introflexus.  

The floristic gradients in the dataset are interpreted by the use of Ellenberg‟s indicator values. For 

each plot an average Ellenberg value was calculated. The different indicator values are then plotted 

against the three axes, which makes it possible to see which of the abiotic factors that can be used 

to interpreted the underlying floristic variation along the ordination axes.  

    

 

 

Indicator species analysis 

An Indicator Species Analysis (ISA) (see box 4) was made to display which species primarily can be 

found co-existing with Campylopus introflexus in the coastal habitats.  

The analysis was done with the same data as used in the ordination above. Campylopus introflexus was 

used as the grouping variable in the indicator analyses which was carried out using the Indicator 

Species Analysis function in the program PC-ORD 5.10 (McCune & Mefford 2006). The statistical 

significance of the indicator values was tested with a Monte Carlo-test with 1000 permutations.  

 

Box 3 - Ordination 

Ordination is an analytical method which is used to reduce the dimensionality of multivariate data 

with a lot of correlated variables. The most important floristic gradients are found in the available 

data. Ordination creates a few, often two or three new dimensions in a way that plots that have a 

similar species composition, and thereby comparable ecological conditions, are positioned near each 

other. Plots placed far apart have dissimilar species composition and contain species that rarely 

occur under the same environmental conditions. 

Different ordination methods exist, but I have chosen to use DCA (Detrended Correspondance 

Analysis) which performs well on large amount of data with a relative large floristic variation 

(Ejrnæs 2000). A DCA ordination is sensible to outliers wich should be removed in order to achieve 

a useable ordination (Hill & Gauch 1980). The first axis symbolizes the „longest‟ gradient in species 

composition, the second describes the „longest‟ gradient in the remaining floristic variation and so 

on. 

 



 
 

 

 

Analysis of trend over time 

An analysis of Campylopus introflexus’ trend over time was made to see if the species has increased or 

decreased its range in the Danish coastal habitats plots during the last 5 years. Both trends in each 

of the monitored sample stations and the entire monitoring data set in coastal dune habitats was 

analyzed    

 

 

Box 4 - Indicator species analysis  

 

An indicator species analysis finds the species that makes a plant community/group unique by 

calculating an indicator value for all species within each community/group. In this case one group is 

defined as having Campylopus introflexus present and the other by its absence.  

 

The indicator value is found by combining a species‟ relative abundance (specificity) with its relative 

frequency of occurrence in the specific group (fidelity). In this case, a species specificity (S) shows 

how many percentage of all its registrations is in plots with C. introflexus, and shows how specific the 

species is for plots containing Campylopus introflexus. The fidelity (F) shows how in many percentages 

of all plots containing Campylopus introflexus the individual species has been registered, and shows 

how frequent the species are found in plots with Campylopus introflexus. The indicator value (IV-max) 

is found by multiplying the value for specificity with the fidelity.  

A species with a high indicator value is therefore found mostly with Campylopus introflexus and 

present in the majority of the plots belonging containing Campylopus introflexus.  

 

If a species is present only in a few plots containing Campylopus introflexus, and always in this group, it 

can be concluded that the species has a high specificity for this group but it cannot be considered as 

a valuable indicator species as it is occurring to sporadic. If a species is present in all plots containing 

Campylopus introflexus but only with a small part of the total amounts of plots it is present in, we can 

conclude it has a high fidelity for this group but it cannot be considered as an indicator species.  A 

species which has a high abundance in all plots and a high frequency within a group is a good 

indicator for the group and will therefore be appointed a high indicator value.  

The indicator value is defined by a scale from 0 to 100, where 0 is no indication and 100 is perfect 

indication.  A perfect indication means that a species is present in all plots of one group and in no 

plots in the other/others. 

 



 
 

 

Results 
 

Habitat type 

As seen in table 3 Campylopus introflexus is most often found in the grey dunes and in the decalcified 

dune heatlands, and not found at all in the shifting dunes. The species has been found in 11.1% of 

the investigated coastal nature types. It should be noted that habitat type 2110 and 2120 are not 

monitored by NOVANA, but are found as secondary habitat types.  

 

Habitat no. No. of plots No. of plots w. C. 

introflexus 

% of plots w. C. 

introflexus 

2110 57 Not registered 0 

2120 23 Not registered 0 

2130 1839 284 15.4 

2140 1778 211 11.9 

2190 1076 39 3.6 

2250 177 15 8.5 

 

 

Gradient analysis 

In order to evaluate the representation of the result from the performed DCA-ordination, the axes 

are interpreted using Ellenberg‟s indicator values  

The correlation between the axis scores of the plots and their mean Ellenberg indicator values is 

shown in figure 2. The first axis in the ordination space (the axis which explains the largest amount 

of floristic variation) is positively correlated with nutrient availability (R2=0.3977, p<0.01) and pH 

(R2=0.245, p<0.01), but nutrient availability have the highest R2 value and is therefore the best 

explanatory variable of the first variation axis. 

The second axis is positively correlated with moisture (R2=0.4541, p<0.01), and negatively 

correlated with pH (R2=0.2348, p<0.01) and light (R2=0.1542, p<0.01). Moisture has the highest R2 

value and is therefore the best explanatory variable for the floristic variation along the second 

ordination axis. pH is also quite significant and is therefore also an explanatory gradient of the 

second variation axis.  

The third axis has no significant correlation with the Ellenberg indicator values, and can therefore 

not be used to interpret the ordination diagram. 

 

Table 3: The different habitat types of the coastal dunes system, number of plots investigated and plots 

with the presence of Campylopus introflexus are shown as well as its relative abundance. 



 
 

Figure 2: Interpretation of the three most important gradients in the data with the use of the average Ellenberg 

indicator values for light, pH (reaction), moisture and nutrients. The first column is an interpretation of the 1 axis, the 

second column of the 2 axis and the third column of the 3 axis. P<0.01 at R2 of 0.07.    

 

 

 

 

 

The graphic representation of the result from the performed DCA-ordination on the data from the 

coastal habitat can be seen in figure 3. There is a relatively limited floristic variation within the 

habitat type 2140, one of the two most registered habitat types, and its position in the ordination 

space indicates a low pH, low level of nutrient availability and medium humidity, whereas the other 

dominating habitat type 2130 is more scattered and can be found under variable acidity and nutrient 

conditions but relatively dry. Habitat type 2250 has a relatively low floristic variation and a low pH 

and nutrient availability and relatively low humidity. Habitat types 2110, 2120 and 2190 has a larger 

floristic variation. The position of habitat type 2110 and 2120 indicates a higher pH in a more dry 

environment, whereas 2190 are mostly moist and relatively acid.  

It should be noted that for 400 units on the axes, there is a complete turnover in species, meaning 

that a species found in a plot around 100 will not be in a plot at 500, and around 50 % change in 

species composition will occur after 100 on the variation axes (Hill & Gauch 1980).   

Axis 1   Axis 2 Axis 3 



 
 

When present/absent data of Campylopus introflexus is applied to the representation it shows that C. 

introflexus is mostly represented in relatively dry area with low pH and nutrient availability (figure 4).  
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Figure 3: Graphical presentation of the result from the DCA analysis. Each 

habitat type is colour coded. 1 axes: R2=0.204, 2 axes: R2=0.155.   

Figure 4: Plots containing Campylopus introflexus shown as red dots in the same 

ordination as figure 2. Plots without Campylopus introflexus shown as blue dots. 1 

axes: R2=0.204, 2 axes: R2=0.155.   



 
 

When the DCA is made with the Ellenberg values as a secondary environmental file, the gradients 

of the graphical presentation of the variation, is shows nutrients as the greatest environmental 

gradient for axis 1 and moisture for axis 2. pH is shown as an environmental gradient; positive for 1 

axis and negative for 2 axis, as seen above in the interpretation of the axis. The plot average of 

Ellenberg‟s indicator value for light is only weekly correlated with plot position in the ordination 

space and is not shown as an environmental gradient in the diagram (Figure 5).    

 

Figure 5:  Graphical presentation of the variation of the result from the DCA analysis, with arrows indicating 
the gradients of the first and second axis. EIF: Moisture, EIN: Nutrients and EIR: Reaction (pH). 1 axes: 
R2=0.204, 2 axes: R2=0.155.     

 

Indicator Species Analysis  

An Indicator Species Analysis was made to display which species primarily can be found co-existing 

with Campylopus introflexus in the coastal habitats. The result from the indicator species analysis is 

presented in table 4 . (For entire result see appendix III). 

Naturally Campylopus introflexus is the perfect indicator species as the presence of this species is the 

grouping variable. The two species/species-groups with the highest indicator values are the moss 

Dicranum scoparium and the species-group of Cladonia lichens. Ten species/species-groups are 



 
 

defined as indicators of the Campylopus introflexus group. Species with an IV-max/indicator value 

above 25 is typically considered a good indicator species (Nygaard pers. comm. 2009).  

 
 
Scientific name Danish name IV-max Signifance p S F 

Campylopus introflexus stjerne-bredribbe 100 0.0010 *** 100 100 

Dicranum scoparium almindelig kløvtand 68.8 0.0010 *** 80 86 

Cladonia sp., s.l. bæger- og rensdyrlaver 62.3 0.0010 *** 65 95 

Corynephorus sandskægslægten 42.9 0.0010 *** 74 58 

Calluna hedelyngslægten 41.6 0.0060 ** 55 75 

Ammophila hjælmeslægten 38.5 0.0010 *** 54 71 

Hypochoeris radicata almindelig kongepen 32.8 0.0010 *** 53 62 

Polytrichum piliferum hårspidset jomfruhår 31.2 0.0010 *** 90 35 

Jasione montana blåmunke 31.1 0.0010 ** 63 49 

Polypodiaceae engelsødfamilien 28.1 0.0010 *** 60 47 

Hypnum cupressiforme almindelig cypresmos 26.4 0.0010 *** 65 41 

Hypnum jutlandicum hede-cypresmos 22.8 0.0010 *** 85 27 

Pleurozium fyrremosslægten 22.3 0.0010 n.s 63 35 

Lichenes sp. lav (alle arter) 19.5 0.0400 * 43 46 

Polytrichum juniperinum ene-jomfruhår 8.2 0.0010 *** 83 10 

Pinus contorta klit-fyr 2.3 0.0400 * 80 2 

 
Table 4: Overview of the most important indicator species for the Campylopus introflexus-group, and selected 

non-indicators. For each species the maximum indicator value (IV-max) is displayed, as well as the specificity 

(S= the groups part of the total amount of registrations of the species), and fidelity (F= the part of plots in 

the group in which the species is registered). The indicator values statistical significance is tested by a Monte 

Carlo-test with 1000 permutations. (***=<0.001, **<0.01, *<0.05, n.s.= not significant).  

 

Analysis of trend over time 

The change in abundance of Campylopys introflexus in the Danish coastal habitats from 2004-2008 

can be seen in figure 6 (for detailed results see appendix IV). The number of plots where C. 

introflexus is present has doubled over the 5 years. When analyzing the trend at regional scale, the 

increase is most steady at Anholt and Zealand (Figure 7 and 8), whereas the trend is more variable 

but increasing at Northern and Western Jutland (Figure 9 and 10). 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 
 
 
 
Figure 10: The percentage of 157 
plots in Western Jutland from 2004 
to 2008 where C. introflexus is 

present. 
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Figure 6: The percentage of 298 
plots from 2004 to 2008 on 
nationl level where Campylopus 
introflexus is present. 

Figure 7: The percentage of 74 plots 
on Anholt from 2004 to 2008 where 
C. introflexus is present. 

 

Figure 8: The percentage of 54 
plots on Zealand from 2004 to 
2008 where C. introflexus is 
present. 

 

Figure 9: The percentage of 17 plots in 

Northern Jutland from 2004 to 2008 

where C. introflexus is present 
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When analyzing the development over time of Campylopus introflexus in the individual sample 

stations the picture is much more hazed (see appendix IV). Two examples of the registered 

presence of Campylopus introflexus in a sample station can be seen in Grærup hede and Kongehus 

nordøst (figure 11 and 12). From Grærup hede (figure 11) it can be seen that Campylopus introflexus 

has been registered as present in 60-80% of the plots in 2004-2006 but then completely absent in 

2007 and 2008. Kongehus nordøst (Figure 12) shows an almost stable cover percentage of 

Campylopus introflexus in 2004 and 2005, then a decline in the presence in 2005 followed by a extreme 

increase in 2007 and 2008.   

 

 

 

 

 

 

Figure 12: The percentage of 
40 plots in Kongehus  
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Figure 10: The percentage of 157 plots 

in Western Jutland from 2004 to 2008 

where Campylopus introflexus is present 

Figure 11: The percentage of 16 plots 
in Grærup hede from 2004 to 2008 
where C. introflexus is present present 
the first 3 years and then suddenly 
absent in 2007 and 2008. . 

 

Figure 12: The percentage of 40 plots 
in Kongenshus nordøst from 2004 to 
2008 where C. introflexus is absent the 
first 3 years and then present in 70% 
in 2007 and more than 85% in 2008. 
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Discussion 
 

Habitat type 

When analysing the presence of Campylopus introflexus in the different coastal habitats, there was 

found to be a big difference in the preference of the habitat types. Campylopus introflexus was found 

to have the highest presence in the grey dunes (habitat type 2130), where it was found in 15.4 % of 

all plots. It also had a high presence of 11.9 % in the dune heathlands (habitat type 2140). The 

lichen and moss rich habitat of the grey dune is the same coastal habitat as Campylopus introflexus is 

mostly found in in The Netherlands (Meulen et al. 1987). The less frequent distributed habitat of 

Coastal dunes with Juniperus spp. (habitat type 2250) also showed a relative high frequency of 

Campylopus introflexus.   

These three habitats are all threatened within the European community (European-Commission 

2007) and has great quantity of its European distribution in Denmark, 16% (123 km2) of habitat 

type 2130, 84% (188 km2) of habitat type 2140, and 41.8% (3 km2) of habitat type 2250 for the two 

biogeographic  regions that Denmark lies within, the Atlantic and the Continental (Eionet 2009).  It 

is therefore of great importance that they are preserved. The relatively high presence of Campylopus 

introflexus is a potential threat to the lichen rich community in these dune systems (Ketner-Oostra & 

Sykora 2008).    

Campylopus introflexus was not found in the shifting dunes (habitat 2110 and 2120), this is probably 

due to the dynamic environment of these habitats as Campylopus introflexus do not tolerate being 

buried by sand (Boxel et al. 1997; Ketner-Oostra & Sykora 2000). The harsh environment of 

shifting sand may also inhibit the settlement of the species.  

Gradient analysis  

The graphical presentation of the DCA shows the position of the plots in the ordination space. The 

gradients of the axes have been interpreted single gradient separately and by PC-ord. Both 

interpretations show that the first axis is positively correlated with nutrients and the second axis is 

positively correlated with moisture. In the axes interpretation the pH is positively correlated with 

the first axis and negatively correlated with the second axis. This is a bit conflicting since a plot in 

the lower left corner will indicate a low pH according to the first axis but a high pH according to 

the second axis. A plot at this position will most likely have a low pH since the first axis is the most 

explanatory in a DCA-ordination and according to the interpretation of the gradients. The 

presentation done by PC-ORD of the gradients, show the pH gradient as negative from upper left 

to lower right in the ordination space. A plot in the lower left could then be interpreted as having a 

medium pH.  



 
 

The plots defined as grey dunes (habitat type 2130) are quit scattered which indicates a high floristic 

variation, but the majority is located in the centre to low-centre with medium to low indication of 

moisture and nutrient availability and a indication of medium pH. This relatively large spread in the 

soil properties of the plots is probably due to the large span within the habitat type which contain 

both the more calcified and productive grassland dunes as well as the decalcified lichen rich dunes 

(EU 1992). 

The dune heathland (habitat type 2140) has a much smaller floristic variation and their location 

indicates a low pH, low level of nutrients and medium humidity but some plots location indicates a 

moist habitat. This correspond with the dune heathlands which is more specifically define than the 

grey dune (2139) even though it does contain the wet heather as well, which can also be seen as the 

moist to wet areas in the ordination space.    

The other habitat types (2110, 2120, 2190 and 2250) are more scattered. The location of two the 

types of shifting dunes (habitat type 2110 and 2120) indicates a higher pH in a dry environment, 

which is normally found in these habitat types due to the high level of calcium from old seashells 

(the decalcifying is not progressed as far yet) and high level of evaporation due to a more limited 

vegetation cover. The humid dune slacks (habitat type 2190) has a high floristic gradient, due to the 

very variable habitat type and is mostly located in the moist part of the ordination space which is as 

expected since this habitat type always is more or less wet. 

When highlighting the plots with presence of Campylopus introflexus their location indicates that 

Campylopus introflexus is found primarily in the coastal dune habitats which are low in nutrients, 

relatively to very dry and a low to medium low pH. This is the same habitat that the species is 

mostly found in the coastal dunes of the Netherlands(Meulen et al. 1987)   

This preference suggests that it is mostly the lichen rich decalcified part of the grey dunes (habitat 

type 2130) that the species favour and not the more calcareous and grass dominated part of the 

habitat type, also known as the grey/green dunes.  

 

Indicator Species Analysis 

When evaluating the results from the Indicator species analysis, one should bear in mind that the 

analysis has only been performed for the coastal dune habitats. The indicator value for Campylopus 

introflexus is 100 which is expected since it is the grouping variable.  

Dicranum scoparium and Cladonia sp., sl. are the species/genus with the highest indicator value, which 

means that these have the same ecological requirements in the coastal dunes, and it is therefore 

likely that you will find Campylopus introflexus in coastal dune habitats if these are found.  A high 

indicator value would normally indicate that a species is threatened by the expansion of Campylopus 

introflexus since this will lead to decreasing available space for it to grow in. Since Dicranum scoparium 

is a very widespread species found in an array of habitats(eFloras 2009) it is therefore not in risk of 



 
 

extinction, but rather a displacement from the coastal dune habitats. The same would apply to some 

of the other species which are not unique for the coastal dune habitats, such as Polypodiaceae, 

Hypnum cupressiforme, Hypochoeris radicata, Corynephorus canescens and Jasione montana. An increase in 

Campylopus introflexus would not threat the common species of the coastal dune system with 

extinction, but rather change the composition of the habitat.     

It should be noted that Cladonia sp. sl. represents all reindeer and cup lichens and therefore consist 

of many different species, which is partly the reason for their high indicator value. In 95% of the 

plots with Campylopus introflexus one or more Cladonia species is present, this indicates that 

Campylopus introflexus is rarely present without one or more Cladonia species, and that it is particularly 

the Cladonia species in the coastal dune habitats that will suffer under a spreading Campylopus 

introflexus. The biodiversity would be expected to drop significantly since a lot of species will 

decrease in abundance. Cladonia spp. is listed on the habitat directive‟s appendix V which states that 

if Member States in light of the surveillance deem it necessary, they shall take measures to ensure 

that the taking in the wild of specimens of species of wild fauna and flora, as well as their 

exploitation is compatible with their being maintained at a favourable conservation status (EU 

1992). The Cladonia spp. in the coastal dune system is not subject to much collecting or 

exploitation, but it is a problem that the NOVANA surveillance program does not register the 

individual species, and thereby is not able to evaluate the conservation status of them. Cladonia spp. 

is a very important taxon on biodiversity and changes in biodiversity in the grey dunes will not be 

registered with the NOVANA program since changes in abundance and presence in the individual 

species of Cladonia.     

When Polytrichum piliferum is registered in a plot, 90% of the times there have also been found 

Campylopus introflexus. This could indicate that Polytrichum piliferum either has smaller ecological niche 

than Campylopus introflexus, since it is only present in 35% of the plots with Campylopus introflexus or 

that it has been out competed by C. introflexus. The same is seen in the moss of same genus 

Polytrichum juniperinum which is registered 83% of the time with Campylopus introflexus but is only 

present in 10% of the plots with Campylopus introflexus, which could suggest that it has already been 

out competed in many areas,  therefore only has an indicator value of 8.2.  

In order for the surveillance of the grey dune to be adequate in registering the conservation status 

and progress of the individual Cladonia species the program should not just register the lichens at 

taxa level but at species level. The NOVANA program is therefore in  

Analysis of trend over time 

When analysing the development in presence of Campylopus introflexus in the Danish coastal dune 

habitats, a doubling in infested plots is seen from 2004 to 2008, which suggests that Campylopus 

introflexus is rapidly expanding its distribution range in Denmark. The same pattern is seen when 

analysing at regional level.  While Campylopus introflexus is continuously expanding its distribution to 



 
 

new regions and countries in Europe, (Hassel & Soderstrom 2005) this study suggest that it is 

furthermore expanding its range within already infested countries and regions.  

The trend on country and regional level look quite convincing but there is a risk that it is just a 

reflection of the collectors‟ increasing awareness and recognition of the moss since the NOVANA 

program started in 2004. The result should therefore be viewed with great caution. It should also be 

noted that there are great variation in the registered presence of Campylopus introflexus at station 

level.  

When looking at data on station level these assumptions are supported. At Grærup hede C. 

introflexus was registered in 0% of the plots in 2004 to 2006 and then 70 % in 2007 and more than 

85% in 2008. This strongly indicates that the collector in 2004-6 did not recognize Campylopus 

introflexus and hence not registered it while the collector in 2007 and 2008 recognized and register it. 

It seems unlikely that Campylopus introflexus would have spread to 28 out of 40 plots within a year.    

The pattern is also seen the other way around. At Kongehus nordøst Campylopus introflexus was 

registered in 60% of the plots in 2004 to 80% in 2006 and then zero % in 2007 and 2008. This 

strongly indicates that the collector in 2004-6 has recognized and registered the Campylopus 

introflexus while the collector in 2007 and 2008 did not register it. It seems unlikely that the species 

would go from being present in more than 80% of the plots one year and, to totally absent the 

following two years.  

This suggests that the registration of Campylopus introflexus is not yet optimal due to the lacking 

familiarity by the collectors of data in the coastal habitat types. It would be recommendable that all 

collectors assigned for data collection in open light exposed habitats would be familiarized with 

Campylopus introflexus before performing data collection; this could minimize the error in collected 

data. There will always be the possibility of mistakes when performing fieldwork, but the effects are 

more obvious and influential when the fieldwork has been done by many different persons. 

It should be noted that the surveillance in the NOVANA program in 2007 went from the counties 

to the environmental centers under the National Environmental and Planning Agency. It is very 

likely that this shift have meant that data collectors have changed. The shift is very obvious in the 

two examples discussed above which suggest that the new data collectors in one case does not 

recognize Campylopus introflexus like the previously collectors did, and in the other case the opposite 

is seen.    

The data collected by a surveillance program like NOVANA can only be used to assess the 

conservation status and development in biodiversity if the data is of a quality that reflects the 

conditions and species composition in the monitored area. A more consistent and reliable data 

collection could be achieved by better education of data collectors and an adjustment of collection 

method to fit the individual habitat types.   
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Abstract 

 

The invasive moss Campylopus introflexus has been shown to influence the species composition 

and lower the abundance and species richness in the lichen-rich of the dry dune and 

grassland in the Netherlands. Lichen-rich grey dunes in Denmark represent a large part of 

the European grey dunes. The grey dunes of Denmark are increasingly found to be 

dominated by Campylopus introflexus. In this study the effects of encroachment by Campylopus 

introflexus was investigated at three different scales. Effects on soil properties, species 

richness, species abundance and species diversity were investigated. No relation between pH 

and Campylopus introflexus was found but the amount of nitrogen, carbon and soil organic 

matter was found to decrease with increasing cover of Campylopus introflexus. Species richness, 

abundance and diversity all decline with increasing encroachment. The effects on the 

individual species with increasing cover of Campylopus introflexus was greatest on lichens and 

most visible at the smallest plot size of 20 cm x 20 cm which indicate the effect is only local. 

An NMS-ordination showed that the species most affected by the increasing cover of 

Campylopus introflexus at all three plot sizes was the lichen Cladonia portentosa and the moss 

species group Polytrichum piliferum (juniperinum).  

 

 

 



 
 

Introduction 
 

The alien invasive moss Campylopus introflexus has been spreading across Europe since its 

introduction in 1941 (Hassel & Soderstrom 2005). It is often found widespread and abundant in the 

lichen rich dunes, e.g. along the western coast of the Netherlands (Ketner-Oostra & Sykora 2004; 

Meulen et al. 1987) and Denmark (Bruss et al. 2007). The lichen rich dunes are especially dominated 

by Cladonia which has a gray appearance, hence the name grey dunes (Petersen & Vestergaard 

2006). The grey dune has a relative low richness of vascular plants, but is a typical locality for 

lichens, and found on nutrient poor, decalcified minmineral rich dunes (Bruss et al. 2007). Denmark 

has between 14 -18 % of the European Union‟s total amount of registered grey dunes (European-

Commission 2009). The grey dune is considered to be a particularly vulnerable habitat and is mainly 

found within the European Union (European-Commission 2007). 

A decline in grasses and forbs in the grey dunes has been observed with increased coverage of 

Campylopus introflexus due to the dense moss carpet occupying all available space between exciting 

plants and eventually smothering them and preventing their reestablishment (Meulen et al. 1987).  

In the Netherlands a lichen-rich dry grassland has changed from being dominated by several 

different lichen communities in 1981 to becoming a dense monotonous moss carpet of Campylopus 

introflexus in 1994 (Biermann & Daniels 1997). From here on this dense carpet is again being 

colonized by lichen and slowly returning to its original state, which the authors assumed will be 

within 15-20 years (Daniëls et al. 2008). The authors state that the dominance of Campylopus 

introflexus effects only locally and temporarily.  

Encroachment by Campylopus introflexus of inland dunes has also led to a reduction of lichen-rich 

plant communities in some parts an inland dune system, though lichen diversity remained high in 

other parts. Lichens were able to establishing themselves on and in between the moss carpet 

(Ketner-Oostra & Sykora 2008). Campylopus introflexus has also been shown to displace native 

dominating moss Polytrichum piliferum from the dune system (Hasse 2007), which did not influence 

establishing rate of lichens (Ketner-Oostra & Sykora 2008).  

In a greenhouse study a significant reduction of 60 % in seed germination Calluna vulgaris was seen 

due to the dense carpet of Campylopus introflexus (Equihua & Usher 1993). 

Increased nitrogen deposition has been shown to have a positive effect on the growth of Campylopus 

introflexus, probably due to its lowering of pH in the soil  (Helsper et al. 1983; Ketner-Oostra & Loo 

1998).  

Isermann (2005) showed that grey dunes dominated by Campylopus introflexus have a low 

heterogeneity in pH with a minimum of 3.54 and a maximum of 4.10 (measured with KCL, which 



 
 

is usually 0.5 – 1 unit lower than measured with H2O(Jones 2001)), while grey dunes not dominated 

by Campylopus introflexus have a higher pH between 4.32 and 4.76 with a bit more heterogeneity.       

The aim of this study is to investigate the consequences of an increasing coverage percentage of 

Campylopus introflexus. Species richness, species abundance and biodiversity in the lichen rich grey 

dunes will be investigated. It is expected that the dense coverage of Campylopus introflexus will lead to 

fewer species with lower abundance – low biodiversity.  Due to the relatively small size of 

Campylopus introflexus the effect of increasing coverage could be very local and therefore difficult to 

monitor if a too large plot size is chosen. It is therefore furthermore be investigated how plot size 

influence the results. The changes in soil properties are investigated as well in order to see if these 

are affected by Campylopus introflexus. 

 

 

 

 

 

 

 

 

 

 

 



 
 

Materials and Methods 
 

Choice of vegetation analysis method 

My aim with the vegetations analysis was to register how Campylopus introflexus affects of the other 

species with increasing presence in the lichen rich grey dune. Since I was not able to follow 

permanent plots over successive years I had to device a method that would be able to represent the 

development of the species composition with increasing presence of Campylopus introflexus.  I chose 

to do a total coverage analysis of the vegetation within my plots. To reflect the development of 

spreading Campylopus Introflexus I chose plots with a coverage of Campylopus introflexus ranging from 

0% to 100%.  

I used a plot size of 240 cm x 40 cm containing 24 subplots of 20 cm x 20 cm. A sampling frame 

with a grid of 4 x 6 cells, each of 10 cm x 10 cm was used; the cells of 10 cm x 10 cm divided each 

subplot into 4 which helped in estimating the cover of the species. The sampling frame was placed 

4 times end to end creating the large plot size of 240 cm x 40 cm. With the use of the subplots I 

was able to divide the large plot into 4 medium plots of 60 cm x 40 cm and 24 small plots of 20 cm 

x 20 cm (figure 1). This gives me the opportunity to estimate if the effects of spreading Campylopus 

introflexus registered at three different scales, small medium and large. I sampled from 720 plots of 

20 cm x 20 cm, which in the later analyses was converted to 180 plots of 60 cm x 40 cm and 30 

plots of 240 cm x 40 cm.  

In the individual subplots I have used the cover intervals of 0≤1%, 2%, 5,% 10%, 15%, and so on 

up to 100%. I chose these very specific and time consuming covering percentages to be able to 

reflect even small changes in the vegetation coverage.  

 

 

 

 

Figure 1: Metal frame shows plot size 

of 60 cm x 40 cm, while the white 

square indicates plot size of 20 cm x 20 

cm.  



 
 

Fieldwork  

The field work was carried out in August and September 2008. 

After talking with local foresters and nature managers, Fanø 

was chosen as study site, due to the fact that there are areas of 

grey dunes with dense growth of Campylopus introflexus. Two 

locations, one in center part (55°21‟.37”N - 8°24‟.37” Ø), and 

the other in southern part (55°21‟01”N- 8°27‟02” E) of 

western Fanø, were used for sampling the fieldwork (Figure 

2).  The two localities are similar, with few species of vascular 

plants, the dominant being grey hair grass (Corynephorus 

canescens). 

 

Sample plot locations were chosen, facing both North, East, 

South and West and on flat terrain so species with different preferences of microclimate all where 

sampled.  

In each large sample plot of 240cm x 40 cm 2 soil samples was collected, one of the top 2 cm of 

soil, taken from two different places within the plot, and a second from the following 8 cm of soil. 

Samples taken at two depths, since the surface layer is important to cryptogams (Ketner-Oostra & 

Sykora 2000). Soil samples were only taken from the large plots, due to logistic and economical 

reasons.   

 

Soil samples analyses 

Soil sample analyses were carried out to see if there was a connection between the cover of 

Campylopus introflexus and the soil parameters. pH, carbon, nitrogen and soil organic matter was 

examined. 

These samples were placed in paper bags and dried. Upon returning from the fieldwork these 

samples were placed in a drying cabinet at 60°celcius for 24 hours. They were then sifted through a 

2 mm sew which removed any large objects such as stones and large roots.  

 

pH 

pH was measured with both H2O and CaCl2 solutions.  A solution of H2O is used because it closely 

resembles the pH of the soil (Hendershot et al. 1993), but to mask any seasonally variability in salt 

contents of the soil, pH is also measured in a solution with 0.01 M CaCl2. The pH values obtained 

with CaCl2 will usually lie 0.3 to 0.5 below that obtained with H2O (Jones 2001).  

Figure 2: Picture of Fanø of the 

Western coast of Jutland, showing 

Northern and Southern sample areas. 

Photo from Google Earth. 



 
 

Of each sample 2 x 10 grams was measured and put in a plastic container.  To one of each sample 

was added 10 g H2O and to the other 10 g of 0.01 M CaCl2. After 24 hours the samples were 

filtrated and the pH was measured using a PHM 240 pH/ion-meter [Radiometer, Copenhagen, 

Denmark] at around 20 to 22 C°. For calibrating the pH-meter a buffer 4 of potassium hydrogen 

phthalate and buffer 7,01 potassium dihydrogen phosphate was used.  

 

Carbon and Nitrogen 

The content of carbon and nitrogen was measured. A small amount of each sample was crushed 

and pulverized. Around 0.2-0.35 g were weighed and put in a small tinfoil package. The samples 

were then analyzed in a TrueSpec CN [Leco] with a control of the calibration for each 10 samples. 

The TrueSpec burnes the small samples in 100 % oxygen, which makes the nitrogen oxydate to N2, 

the N2 is then determined by thermal conductivity.  

During the burning of the sample, all carbon in it is turned in to CO2 which is determined by 

infrared absorption.  

 

Soil organic matter  

The content of the soils organic matter (SOM) was measured. 2 g from each sample was weighed of 

in a small ceramic container. All the samples were then placed for 6 hours in an oven at 550 C°. 

The samples cooled down and were weighed again to register the amount of SOM that had been in 

the samples.   

 

 

Vegetation cover analysis 
 

Species richness 

The coverage of Campylopus introflexus was compared with the number of species present by 

regression analysis (Box 1). 

Species abundance  

The average coverage of all the species except Campylopus introflexus was compared with the 

coverage of Campylopus introflexus by regression analysis. 

Individual species abundance 

The coverage of the individual species was compared with the coverage of Campylopus introflexus by 

regression analysis. 

 



 
 

 

 

Biodiversity 

In order to see at what level the diversity of the lichen rich grey dune is affected by an increasing 

amount of Campylopus introflexus the diversity of each plot was calculated for all three plot sizes using 

the Simpson‟s diversity index and a regression analysis was made (Box 2).  

 

 

 

Gradient analyses 

An ordination (see Box 3) was performed on the data from each of the three plot sizes in order to 

see if the effects of increasing Campylopus introflexus when all parameters are influencing at the same 

time, and to evaluate if the effect of Campylopus introflexus  was found to be the same as above.  

In the three ordinations I used the Sørensen (Bray-Curtis) distance measure. The NMS ordination 

was conducted using PC-ORD 5.10 (McCune & Mefford 2006). Three NMS analyses were 

conducted on the plots containing Campylopus introflexus: 1) 26 plot of 240 cm x 40 cm, 2) 102 plots 

of 60 cm x 40 cm and 3) 566 plots of 20 cm x 20 cm. All three analyses were carried out with all 

Box 2 - Simpson’s diversity index  

The Simpson‟s diversity index takes the number of species into account as well as the abundance 

of each species, in this case measured as coverage percentage.  

 

               1 − D =   (
n i

N
 )2 

 

Where ni is the coverage percentage of the i‟th species, the total coverage percentage is N =  ni  

for all species. D is the Simpson‟s dominance (Adsersen 2006; Simpson 1949). The Simpson‟s 

diversity index expresses the likelihood of encountering the same species by random selection.     

 

 

Box 1 - Regression analysis  

A relationship between two variables can be illustrated by means of a scattergram. It is helpful 

to draw a line through the points in such way that the average relationship is depicted – line of 

best fit. A regression analysis fit the line – a regression line, by placing it through the points so 

that the sum of the vertical distances of all the points from the line is minimized (Fowler et al. 

1998).  

A correlation coefficient is calculated (Spearman) in order to evaluate the relationship.     



 
 

species in main matrix except Campylopus introflexus, with a secondary matrix containing all species 

included Campylopus introflexus as well as measures of nitrogen, carbon, soil organic matter, pH, 

direction of slope, and level of bear sand/blowouts close by.  

  

All analysis was performed with the autopilot turned on and the “medium” mode was chosen with 

a maximum of 250 iterations chosen with 50 runs with real data and 50 runs with randomized data 

to identify the number of axes, using the optimal starting configuration from the first set of 

iterations. The stability criterion was 0.00001. Two-dimensional solutions were favoured in all 

analysis. The stress factor is a measure of amount of distortion required to place objects in the 

ordination space.  

 

 

 

 

 

 

 

 
 

Box 3 - Ordination  

Ordination is an analytical method which is used to reduce the dimensionality of multivariate 

data with a lot of correlated variables. The most important floristic gradients are found in the 

available data. Ordination creates a few, often two or three new dimensions so that plots that 

with similar species composition, and thereby comparable ecological conditions, are positioned 

near each other. Plots placed far apart have dissimilar species composition and contain species 

that rarely occur under the same environmental conditions. 

Although different ordination methods exist, I have chosen to use an NMS (Nonmetric 

Multidimensional Scaling) which seeks after and displays the strongest structures in the data. It is 

a method well suited for data that are nonnormal or on arbitrary, discontinuous, or otherwise 

nonparametric scales, and is generally the best ordination method for community data(McCune 

& Mefford 2006), which is why this method has been chosen.  

 



 
 

Results 
 

Only plots with the presence of Campylopus introflexus have been included in the presented results 

below. This includes 26 large plots, 102 medium plots and 566 small plots The results of the soil 

analysis can be seen in appendix V. For graphic display of results including plots without Campylopus 

introflexus see appendix VI. These results will not be discussed but they can give an indication of the 

variation in the habitat in areas without the presence of Campylopus introflexus.  

 

Soil samples 

pH 

The measured pH of soil samples from the top 2 cm and the following 8 cm, measured in the 26 

large plots (240 cm x 40 cm) with presence of Campylopus introflexus did not show any significant 

correlation with increasing coverage of Campylopus introflexus (figure 3). When pH is measured with a 

solution of H2O it was around 1 pH value higher than when measured with CaCl2.   
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Carbon, nitrogen and soil organic matter  

The measured carbon and nitrogen percentages in the soil samples from the top 2 cm, measured in 

the 26 large plots (240 cm x 40 cm) with presence of Campylopus introflexus show a significant 

negative correlation (p<0.01) with increasing coverage of Campylopus introflexus for both carbon and 

nitrogen (figure 4). The C/N ratio of the samples is steady with increasing coverage of Campylopus 

introflexus (figure 5). 
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Figure 3: The measured pH of the 
26 large plots (240 cm x 40 cm) with 
presence of Campylopus introflexus. 
pH was measured in the top 2 cm of 
the soil and the following 8 cm with 
both H2o and CaCL2.  
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The measured percentages SOM in the soil samples from the top 2 cm and the following 8 cm 

measured in the 26 large plots (240 cm x 40 cm) with presence of Campylopus introflexus show a 

significant (p<0.05) negative correlation with increasing coverage of Campylopus introflexus for the 

samples from the top 2 cm, but not for the samples from the bottom 8 cm (figure 6). 
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Figure 4: The percentage of nitrogen 

and carbon measured in the top 2 cm 

of the soil in the 26 large plots (240 cm 

x 40 cm) with presence of Campylopus 

introflexus. 

Figure 6: The percentage of carbon in 

the top 2 cm and following 8 cm of the 

soil in the 26 large plots (240 cm x 40 

cm) with presence of Campylopus 

introflexus. 

Figure 5: The C/N ratio of the 

measured carbon and nitrogen levels in 

the top 2 cm of the soil in the 26 large 

plots (240 cm x 40 cm) with presence 

of Campylopus introflexus. 
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Vegetation analysis 

Species richness  

The number of species found in each of the 26 large plots (240 cm x 60 cm), 102 medium plots (60 

cm x 40 cm) and 566 small plots (20 cm x 20 cm) was compared with the coverage percentage of 

Campylopus introflexus (for graphic illustrations of comparisons including plots without Campylopus 

introflexus see appendix VII). There is no significance between the number of species in the large 

plots and the coverage of Campylopus introflexus (figure 7). There is seen a significant (p<0.01) 

negative correlation between the number of species in the medium plots (60 cm x 40 cm) and the 

small plots (20 cm x 20 cm) and the coverage of Campylopus introflexus (figure 8 and 9).   
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Figure 9: The number of species found 
in each of the 566 small plots (20 cm x 
20 cm) with Campylopus introflexus 
present at different coverage 
percentages.  
 

Figure: 8 The number of species found 
in each of the 102 medium plots (40 cm 
x 60 cm) with Campylopus introflexus 
present at different coverage 
percentages. 

 

Figure 7: The number of species 
found in each of the 26 large plots 
(240 cm x 60 cm) with Campylopus 
introflexus present at different coverage 
percentages. 
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The average coverage percentage of the species found in the 26 large plots (240 cm x 60 cm), 102 

medium plots (60 cm x 40 cm) and 566 small plots (20 cm x 20 cm) was compared with the 

coverage percentage of Campylopus introflexus (for graphic illustrations of comparisons including 

plots without Campylopus introflexus see appendix VII). There is found a significant (p<0.01) negative 

correlation between the average coverage of the species in all three plot sizes and the coverage of 

Campylopus introflexus (figure 10, 11 and 12). 
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Figure 10: The average coverage of 
species found in each of the 26 large 
plots (240 cm x 60 cm) with Campylopus 
introflexus present at different coverage 
percentages. 

 

Figure 11: The average coverage of 
species found in each of the 102 
medium plots (40 cm x 60 cm) with 
Campylopus introflexus present at different 
coverage percentages. 

 

Figure 12: The average coverage of 
species found in each of the 566 small 
plots (20 cm x 20 cm) with Campylopus 
introflexus present at different coverage 
percentages. 

 



 
 

Individual species abundance 

For vascular plants a significant negative correlation was seen for three species in the small plots 

(20 cm x 20 cm), one in the medium plots (40 cm x 60 cm) and non in the large plots (60 cm x 240 

cm) (Table 1)(figure 13 and 14).  

For mosses a significant negative correlation was seen for two species in the small plots (20 cm x 20 

cm) and in the medium plots (40 cm x 60 cm) and one in the large plots (60 cm x 240 cm). 

For lichens a significant negative correlation was seen for eight species in the small plots (20 cm x 

20 cm), two in the medium plots (40 cm x 60 cm) and large plots (60 cm x 240 cm).  

Only two species show a significant decline at all three plot sizes; Polytrichum piliferum (juniperinum ) 

and Cladonia portentosa. Three species show a significant decline both in the medium plot size and in 

the small plot size; Hypochoeris radicata, Dicranum scoparium and Cladonia furcata/rangiformis. One 

species; Cladonia coccifera/pleurota/diversa, show a significant decline in the small and large plot, but 

not the medium. Seven species show a significant decline only in the small plot size; Corynephorus 

canescens, Festuca ovina, Cladonia cervicornis, Cladonia uncialis, Cladonia zopfii, Cladonia cfr. Merochlorophaea 

and Cladonia gracilis.  

 

 

 

 

 

 

 

 

 

Table 1: For plots with 5 species or more, a linier regression was made on each species coverage compared to 

coverage of Campylopus introflexus. Plot size: S = small 20 cm x 20 cm, M = 40 cm x 60 cm, L = 40 cm x 260 

cm. (number indicates plots with coexistence of Campylopus introflexus and the species in question, which is 

used for the regression analysis) Correlation: N = negative, P = positive. Significance: * < 0.01, ** < 0.05, n.s 

= not significant.   

Figure 13: Plot with a high cover of 

Campylopus introflexus. 

Figure 14: Plot with a very low cover of 

Campylopus introflexus.   



 
 

Species S Cor. sign. M cor. sign. L cor. sign. 

          

Vascular plants          

Corynephorus canescens 336 N * 85 N n.s. 25 P n.s. 

Hypochoeris radicata  365 N * 98 N * 26 N n.s. 

Festuca ovina 186 N ** 49 N n.s. 17 N n.s. 

Ammophila arenaria  47 N n.s. 25 P n.s. 13 P n.s. 

Calluna vulgaris  20 N n.s. 12 N n.s. 6 N n.s. 

Carex arenaria  155 P n.s. 62 N n.s. 22 N n.s. 

Deschampsia flexuosa 115 P n.s. 30 P n.s. 18 P n.s. 

Festuca rubra  5 N n.s. 6 N n.s. 4 - - 

Jasione montana  138 N n.s. 47 N n.s. 24 N n.s. 

Pilosella officinarium [Hieracium pilosella]  7 N n.s. 1 - - 1 - - 

Polypodium vulgare  5 N n.s. 3 - - 3 - - 

Rumex acetosella  81 P n.s. 26 P n.s. 13 P n.s. 

Empetrum nigrum  4 - - 2  - 2 - - 

Hieracium umbellatum  3 - - 2 - - 3 - - 

          

Mosses          

Polytrichum piliferum (juniperinum) 389 N * 91 N * 26 N * 

Dicranum scoparium 48 N ** 27 N ** 11 N n.s. 

brachythecium albicans 5 N n.s. 2 - - 1 - - 

Hypnum jutlandicum 19 N n.s. 9 N n.s. 3 - - 

Rhytidiadelphus triquetrus 1  - 1 - - 1 - - 

          

Lichens          

Cladonia cervicornis 272 N * 74 N n.s. 23 N n.s. 

Cladonia furcata/rangiformis 193 N * 43 N * 20 N n.s. 

Cladonia portentosa 386 N * 87 N * 26 N * 

Cladonia uncialis 233 N * 58 N n.s. 23 P n.s. 

Cladonia zopfii 95 N * 40 N n.s. 15 N n.s. 

Cladonia cfr. Merochlorophaea 119 N ** 37 N n.s. 18 N n.s. 

Cladonia coccifera/pleurota/diversa 113 N ** 30 N n.s. 26 N * 

Cladonia gracilis 11 N ** 4 - - 4 - - 

Cetraria muricata 200 N n.s. 75 N n.s. 24 P n.s. 

Cladonia crispata 38 N n.s. 12 P n.s. 5 N n.s. 

Cladonia foliacea 74 P n.s. 18 N n.s. 11 N n.s. 

Cladonia macilenta spp. Floerkeana 30 N n.s. 7 N n.s. 12 P n.s. 

Cladonia phyllophora 24 N n.s. 8 N n.s. 6 N n.s. 

Cladonia ramulosa 98 N n.s. 27 N n.s. 17 N n.s. 

Hypogymnia physodes 13 N n.s. 2 - - 2 - - 

Cetraria islandica 2 - - 1 - - 1 - - 

Cladonia ciliata 4 - - 4 - - 3 - - 

 



 
 

Biodiversity 

The biodiversity is at all three plot sizes stable or increasing until the cover of Campylopus introflexus 

exceeds approximately 30 % where after a decline in biodiversity can be observed (Figure 15, 16 

and 17). A polynomial regression is chosen as it explains the variations in the plots the best.   
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Figur 15: The Simpson‟s diversity index 
at different coverage percentage of 
Campylopus introflexus for the 26 large 
plots of 240 cm x 40 cm with the 
presence of C. introflexus. A polynomial 
regression is added.   

 

Figur 16: The Simpson‟s diversity index 

at different coverage percentage of 

Campylopus introflexus for the 102 

medium plots of 60 cm x 40 cm with 

the presence of C. introflexus. A 

polynomial regression is added. 

Figur 17: The Simpson‟s diversity index 
at different coverage percentage of 
Campylopus introflexus for the 566 small 
plots of 20 cm x 20 cm with the 
presence of C. introflexus. A polynomial 
regression is added. 

 



 
 

Gradient analyses 

The number of dimensions in the final solution was recommended to be three for all of the three 

ordinations. The ordination space has been rotated to fit Campylopus introflexus and the two axes with 

the highest explanation value have been illustrated below.     

The ordination of the 26 large plots indicates that Campylopus introflexus is negatively correlated with 

Polytrichum piliferum (juniperinum), Festuca ovina and nitrogen, and less but still negatively correlated 

with Cladonia portentosa, Cladonia cervicornis and Cladonia crispate (table 2)(figure 18). 

 

 Stress in real data 50 runs Stress in randomized data Monte Carlo test, 50 
runs  

Explanation 

Axes Minimum 
28.438 
14.681 
9.324 

Mean 
45.454 
16.855 
9.765 

Maximum 
55.402 
20.038 
10.136 

Minimum  
37.400 
17.079 
11.174 

Mean  
50.362 
22.472 
14.051 

Maximum 
55.446 
38.690 
16.009 

p 
0.0196 
0.0196 
0.0196 

R2 
0.468 
0.245 
0.176 

1 

2 

3 

Table 2: Test results for NMS of the 26 plots at large scale for the three axes recommended by PC-ORD. 
Showing the stress levels for real data and randomized data using a Monte Carlo Test. Significance level is 
below 0.005.    
 
 

 

 

 

 

Figure 18: Two- dimensional ordination of the large 26 plots of 240 cm x 40 cm . 

Ordination was conducted using nonmetric dimensional scaling on distance matrix 

using Sørensen (Bray & Curtis) Distance. Final stress was reached after 

approximately 30 iterations. Final stress = 10.11101 for a three dimensional solution, 

final instability 0.00001, number of iterations = 110. R2: 1 axis 0.468, 2 axis 0.245. 



 
 

 

 

 

The ordination of the 102 medium plots indicates that Campylopus introflexus is negatively correlated 

with Polytrichum piliferum (juniperinum), Cladonia portentosa, carbon, soil organic matter and nitrogen, 

and less but still negatively correlated with Festuca ovina (table 3)(figure 19). 

 

 

 Stress in real data 50 runs Stress in randomized data Monte Carlo test, 50 
runs  

Explanation 

Axes Minimum Mean Maximum Minimum  Mean  Maximum p R2 
0.308 1 35.841 48.016 57.160 46.195 51.576 57.159 0.0196 

2 21.030 22.617 26.385 24.845 28.149 41.199 0.0196 0.281 
3 14.495 14.552 14.733 17.520 19.067 20.854 0.0196 0.215 
Tabel 3: Test results for NMS of the 102 plots at medium scale for the three axes recommended by PC-ORD. 
Showing the stress levels for real data and randomized data using a Monte Carlo Test. Significance level is 
below 0.005.    
 
 

 

 

 

Figure 19: Two- dimensional ordination of the medium 102 plots of 
60 cm x 40 cm. Ordination was conducted using non-metric 
dimensional scaling on distance matrix using Sørensen (Bray & Curtis) 
Distance. Final stress was reached after approximately 90 iterations. 
Final stress = 14.57646 for a three dimensional solution, final 
instability 0.00001, number of iterations = 154. R2: 1 axis 0.308, 2 axis 
0.281. 

 



 
 

 

The ordination of the 566 small plots indicates that Campylopus introflexus is negatively correlated 

with Polytrichum piliferum (juniperinum), Cladonia portentosa and nitrogen, and less but still negatively 

correlated with Festuca ovina (table 4)(figure 20). 

 

 Stress in real data 50 runs Stress in randomized data Monte Carlo test, 50 
runs  

Explanation 

Axes Minimum Mean Maximum Minimum  Mean  Maximum p R2 
1 45.682 51.306 55.783 51.139 54.024 62.577 0.0196 0,166 
2 28.105 30.714 34.603 32.294 36.633 44.958 0.0196 0.250 
3 20.379 22.190 43.260 23.581 30.181 80.433 0.0196 0.258 
Tabel 4: Test results for NMS of the 566 plots at small scale for the three axis recommended by PC-ORD. 
Showing the stress levels for real data and randomized data using a Monte Carlo Test. Significance level is 
below 0.005.  

 

 

 

 

 

 

 

Figure 20: Two- dimensional ordination of the small 566 plots of 
20 cm x 20 cm. Ordination was conducted using nonmetric 
dimensional scaling on distance matrix using Sørensen (Bray & 
Curtis) Distance. Final stress was reached  after approximately 60 
iterations. Final stress = 20.37903 for a three dimensional 
solution, final instability 0.00291, number of iterations = 200. R2: 

2 axis 0.250, 3 axis 0.258. 

 



 
 

 

Discussion 
  

Estimating cover percentages is very subjective and difficult, but since I am the only one who has 

made the estimates, any inaccuracy should be equally large in each estimation, and will therefore not 

have a major influence on results.  

 

Soil samples 

pH 

The measured pH showed no significant changes with an increasing cover of Campylopus introflexus, 

neither between the top and bottom soil layer nor when measured with a solution of CaCL2 instead 

of H2O. The pH found in this study for the Campylopus introflexus dominated grey dunes are within 

the same range as found in grey dunes in the Netherlands by Isermann (2005). 

Data shows a low variation in pH, which was expected in plots with dominance of Campylopus 

introflexus (Isermann 2005).  

Carbon, nitrogen and soil organic matter 

A decrease in carbon and soil organic matter is observed with increasing coverage of Campylopus 

introflexus. This suggests that Campylopus introflexus prefer soil with less organic matter, which is 

expected as it is often found in sandy soils (Richards 1963). It could also be the result of increasing 

coverage of Campylopus introflexus inhibiting angiosperm plants of settling or germinating resulting in 

fewer roots in the soil, and thereby less organic matter.  

A decrease in nitrogen is observed with increasing coverage of Campylopus introflexus. It has been 

demonstrated that Campylopus introflexus prosper from increased nitrogen deposition (Helsper et al. 

1983; Ketner-Oostra & Loo 1998). An increased amount of nitrogen would have been expected 

with increasing coverage of Campylopus introflexus. The observed decline in soil nitrogen at increased 

coverage of Campylopus introflexus could either suggest; that Campylopus introflexus is utilizing available 

nitrogen at a higher rate than the species it is displacing or that Campylopus introflexus prefers a lower 

amount of nitrogen, but is more competitive at higher levels of nitrogen than other native species 

of the lichen rich coastal dune system and benefits from their decline. 

Polytrichum juniperinum and Polytrichum. piliferum, mosses with similar habitat preferences as Campylopus 

introflexus can retain nitrogen from precipitation (Bowden 1991). The decline in nitrogen with 

increasing cover of Campylopus introflexus could also suggest that it is capable retaining nitrogen, 

thereby inhibiting it from reaching the soil which is why a decrease in nitrogen is seen with 

increasing coverage. The decline in nitrogen could also be the result of a reduced amount of soil 



 
 

organic matter with increasing coverage of Campylopus introflexus. Soil organic matter has been 

shown to retain great amounts of nitrogen (Bowden 1991), thus a decrease in soil organic matter 

would lead to a decrease in below ground retained nitrogen.    

The C/N ratio was found to be stable around 10-15, which is a low relationship and expected in 

the nutrient poor gray dune. The increasing coverage percentage of Campylopus introflexus had no 

effect on the C/N ratio. 

 

Vegetation analysis  

The vegetation data collected was analyzed at three different scales; small with plot size of 20 cm x 

20 cm, medium with plot size of 40 cm x 60 cm and large plot size of 240 cm x 40 cm. As 

mentioned earlier, this was done in order to evaluate which plot size is optimal for registering the 

effects of Campylopus introflexus.  

Species richness 

A negative effect on species richness is seen with increasing coverage of Campylopus introflexus as 

seen by Biermann & Daniels (1997). The effects by Campylopus introflexus in the present study was 

only observed in the medium and small plot size. The reason the negative effect is not visible at the 

large scale is probably due to the small size of the individual plants in the lichen rich grey dunes. At 

the large scale a 75% coverage of Campylopus introflexus would still leave 240 cm2 of a non Campylopus 

introflexus covered area which could maintain a high species richness due to the small size of the 

plants. A small plot with coverage of 75% would leave 10 cm2 which is very little space to maintain 

high species richness, even for the small species of the grey dune. Campylopus introflexus thus affects 

the species richness only at very local scale which can only be detected if an adequate small plot size 

is chosen.      

Species abundance 

The increasing coverage of Campylopus introflexus affects the average coverage percentage of the 

other species negatively in the plots at all three scales. Biermann & Daniels (1997) also observed a 

decreased abundance of species with increasing cover of Campylopus introflexus. This is as expected as 

the increasing dense cover of Campylopus introflexus leaves a decreasing amount of space for the 

other species which is relative at all three plot scales. The plot size is not important when measuring 

the effect of Campylopus introflexus on average species abundance. Campylopus introflexus is probably 

able to outcompete the native species due to a better utilizing of the available recourses.  

Individual species abundance  

There is found a negative effect of increasing coverage of Campylopus introflexus on three species in 

the large plot size, five species in the medium plot size and thirteen species in the small plot size. 



 
 

This indicates that the effect of Campylopus introflexus, on individual species coverage, is highest at a 

very local scale and best registered with a small plot size.  

Daniëls et al. (2008) also found the effect of Campylopus introflexus to be very local. Lichen has been 

shown to establish themselves on the dense Campylopus introflexus carpet as well as in between the 

broken up parts (Ketner-Oostra & Sykora 2008) and a total re-colonization is expected within 

period of 15-20 years (Daniëls et al. 2008). It could therefore be expected that the effect on the gray 

dune by Campylopus introflexus is only minimal and temporarily, since the effect of Campylopus 

introflexus is only local and the diverse lichen society of the grey dunes continue to persist in nearby 

areas as a source for re-colonization.  

Only the moss species Polytrichum piliferum (juniperinum) and the lichen Cladonia portentosa show a 

significant decline at all three plot sizes. Polytrichum piliferum was also found to decline with 

increasing cover of Campylopus introflexus by Hasse (2007). Polytrichum piliferum (juniperinum) and 

Cladonia portentosa are the most abundant in the small plot size. Both species were most often 

observed in dense populations with a high coverage in the sample area, their decline is therefore 

noticeable at even large scale plots.  

The effect of increasing Campylopus introflexus is most notable in the small plot sizes. Six species and 

two species groups of lichen show a decline with increasing Campylopus introflexus. All the species 

except Cladonia gracilis are relatively abundant with a presence between 17 % - 68 % of plots. This 

suggests that the increasing coverage of Campylopus introflexus has the largest negative effect on the 

most common lichen species in the sample area. The same pattern is seen with the three vascular 

plants affected by the increasing coverage of Campylopus introflexus, and one of the two affected 

mosses. 

Biodiversity 

The same tendency in diversity with increased coverage of Campylopus introflexus is seen in all three 

plot sizes, though most visible in the medium and small plot sizes. Stable or increasing diversity is 

seen until Campylopus introflexus covers around 20 % - 40 % where after a decrease occurs. A larger 

variation in diversity can be observed in plots with low coverage of Campylopus introflexus. Plots with 

low diversity at low Campylopus introflexus probably occur due to the presence of other dominating 

species such as Cladonia portentosa and Polytrichum piliferum. Diversity is not affected until the coverage 

exceeds 20 % - 40 %, this could be explained by the composition of the lichen rich grey dunes in 

the study area, which was observed to consist of one or two species with a relatively high 

abundance and then a lot species with low abundance. When Campylopus introflexus expands its range 

it displaces some of the more common and abundant species as seen above, whereby the species 

composition changes but not the diversity. This suggests that it is only when Campylopus introflexus 

becomes an extremely dominating species, more than the native abundant species, that a decline in 

diversity is observed.  



 
 

 

Gradient analyses 

The gradient analyses by ordinations of data from all three scales show that the large amount of 

small plots turnout fewer vectors than the few larger plots. Although this difference can be 

observed, one species group and one species are found at all three plot sizes to be negatively 

correlated with Campylopus introflexus. These are Polytrichum piliferum (juniperinum) and Cladonia 

portentosa. These both cover large areas of the grey dunes at Fanø and the ordinations indicate that 

their presence will be reduced with increasing cover of Campylopus introflexus. These findings are in 

similar with the findings previously in this chapter where the decline of Polytrichum piliferum 

(juniperinum) and Cladonia portentosa was found to be significant with the increase of Campylopus 

introflexus. These relationships are the only ones indicated at all three scales in the ordination and in 

the single species abundance investigated earlier.  As found previously, the ordinations also in this is 

found to be significant at all three scales.  

The amount of nitrogen is also shown to be declining with increased coverage of Campylopus. 

introflexus at all three scales. Since nitrogen was only measured in the large plots the nitrogen found 

in here was given to each of the medium and small plots and it is therefore not a direct measure of 

the nitrogen level at a specific coverage of Campylopus introgflexus of the individual medium and small 

plots.     

The vectors of Corynephorus canescens and Festuca ovina are both shown to be almost perpendicular on 

the vector for Campylopus introflexus but at different directions at the medium and small plot sizes. 

This could indicate that when one of the grass species is present the other one is not, opposite, but 

it is difficult to relate it to the presence of Campylopus introflexus.  

The reason why the ordination of the large plots shows more vectors than the medium plots which 

again shows more than the small plots is probably due to the fact that there a lot fewer plots of 

large size than of medium and again of small plots. This means that only very few plots will have a 

high coverage of Campylopus introflexus and few will have a low coverage of Campylopus introflexus as 

well all the other species will be less represented at different cover degrees. This will make the 

ordination more polarized and therefore less nuanced. This study suggest that it is recommendable 

to have a large sample size in order to get a nuanced and solid result from a NMS-ordination. If the 

data from soil properties are left out, due to the fact that they were only gathered in the large plot 

size, there are shown vectors for 12 species at the large plot size, from six at the medium plot size 

and five at the small plot size as well as the vectors of the small and medium plot sizes are places 

almost similar. This indicates that the result from the ordination of the medium and small plots are 

much more similar than that of the large plot size and that a sample size of around 100 is almost as 

good as one of around 550, when performing a NMS-ordination. It also indicates that a plot size 

around 25 is too small to achieve the nuanced representation of the vegetation.   
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Abstract 
 

Invasive species are an increasing problem around the world, and a threat to many 

ecosystems. Campylopus introflexus is an invasive moss species causing a decline in 

biodiversity. Covering by sand has been shown to be the best way of killing the moss 

where as mechanical disturbance, removal of vegetation, and use of the herbicide 

Asulox has been shown to have no or little effect. In this study I have studies the 

effects of more or less environmental friendly methods of fire, steam and salt as well 

as two common moss killers – bleach and ferrous sulphate are tested on Campylopus 

introflexus. Most effective was 60 seconds of burning which killed 100% of the moss, 

but even 15 seconds killed around 80%. Salt strewn in amounts equal to watering with 

10 mm of seawater killed almost 100%, where actually watering with saline water 

proved less effective. The conventional moss killers proved least effective with only a 

low dilution of bleach showing a high effect and ferrous sulphate showing no effect. 

Only short term effects was documented, but long term effects should be investigated 

in order to recommend one of the control methods.    

 

 

 



 
 

Introduction 
 

Invasive alien species are causing damage to native species and ecosystems around the world 

(IUCN 2000). The effect of invasive species are threatening the existence of species (Vié et al. 

2009a), and has directly caused extinction of species (Clavero & Garcia-Berthou 2005).  

The alien invasive species Campylopus introflexus is expanding its range across Europe (Hassel & 

Soderstrom 2005) and has been shown to cause a decline in biodiversity (Biermann & Daniels 1997; 

Klinck 2009; Meulen et al. 1987).  In order to prevent further spread or stop degradation of already 

infested areas, ways of control or eradication of the species would be of great use.  

Boxel et al. (1997) found that Campylopus introflexus do not tolerate being covered by a few 

millimetres of sand once a year for several years, and has been seen to die within a year if covered 

several times (Hasse & Daniels 2006; Ketner-Oostra & Sykora 2000).  

Mechanical disturbance has shown to be unable to change the dominance of Campylopus introflexus, 

since the fragments of moss mostly stayed alive and were able to form new shoots that colonized 

newly created gaps, and eventually form a dense carpet again (Hasse 2007). 

Sod cutting - the removing of vegetation down to bare sand, showed not to prevent the return of 

Campylopus introflexus. Within four years after the experiment Campylopus introflexus almost had the 

same cover percentage as prior to the experiment (Ketner-Oostra & Sykora 2000). 

Fire has not yet been used as a way to remove Campylopus introflexus but when a grass-dominated 

area experienced an uncontrolled fire, it resulted in a dense cover of Campylopus introflexus (Ketner-

Oostra et al. 2006), the same was seen in the dune heathland of Northern Jutland (Vestergaard et al. 

2008). 

The herbicide Asulox [methyl (4-aminophenyl sulfonyl) carbamate] which is used to control the 

spread of bracken (Pteridium aquilinum) has been shown to reduce growth in Campylopus introflexus 

but it did not kill the moss (Rowntree et al. 2003). 

 

The aim of this study is to investigate methods of eradicating Campylopus introflexus to use for 

management as a tool in the control of the species. Since control of Campylopus introflexus often will 

take place in protected nature areas as well as the management authorities often are not allowed to 

use toxic pesticides or time consuming techniques. For this reason I decided to use alternative and 

easy to execute methods which were only to be carried out one time in order to make it a realistic 

way of control for the management authorities. In order to compare with traditional methods, two 

more or less toxic methods were applied as well.  

The aim of the study is in compliance with The Convention of Biological Diversity urges nations to 

carry out as appropriate, research and assessments on the development of environmentally benign 

methods to control and eradicate invasive alien species (CBD 2002). 



 
 

Materials and methods 

 

Materials 

Saline water and strewn salt 

A treatment of salt and saline water at different concentrations was chosen since exposure to Na+ 

and Cl- can lead to dehydration stress, due to osmosis and ionic stress due to the ionic imbalance 

(Schulze et al. 2005; Wang et al. 2008). The saline water was used to give an immediately exposure, 

The drawback with the use of saline water is that most of the water will be observed by the soil 

instead of affecting the moss. Salt strewn on the surface was therefore chosen as an alternative for 

the saline water. The hypothesis was that the salt would be slowly dissolved in night time dew and 

rain, thereby to giving a longer exposure time.  

Burning 

A treatment of fire was chosen since the heat makes the moister in the plant cells evaporate which 

kills the plant, or at longer exposure, simply burns some parts or all of the plant away.    

Steaming 

A treatment of steam was chosen in the hope that it would have the same effect as the fire, making 

the plants die due to evaporation of moisture. The advantage of this method is that you don‟t risk 

setting the surrounding vegetation on fire. 

Ferrous sulphate 

A treatment with ferrous sulphate (FeSO4) was chosen since it is sold under various names as an 

effective moss killer product with little effect on other plants.  

Bleach 

A treatment with bleach was chosen since it is a recommended and an often used method for 

removing moss of roofs, patios etc. Bleach contains sodium hypochlorite (NaOCl) which is a 

strong oxidizer. It degrades in direct sunlight and is therefore not considered to have an 

environmental effect on groundwater or nearby water systems due to the small amount used in this 

experiment. If used on a larger scale, further caution should be made.   

 

Methods 

The size of the treatment plots was chosen to be 40 cm2.  A circle of metal was used to define the 

plot, and to hold in liquid when applied. Each treatment was carried out five times. The treatments 

were carried out in June 2009 in the grey dunes near Henne strand in Western Jutland – Denmark 

(55°41‟27”N - 8°09‟37”E). The effect of the treatments was registered in September 2009. Plots 



 
 

where examined and the coverage of visible dead Campylopus introflexus was estimated. September is 

in the beginning of the growth season so light-green new growth could easily be seen. Plants with 

no new growth and a clear dead appearance were registered as dead. 

 

Saline water: Sodium chloride and water was mixed at four different concentrations; 1,0%, 2,5%, 

3,5% and 5%, and was then applied to the test plots at 10 mm pr. cm2. This corresponds to 10 l of 

saline water pr. m2.. 

 

Strewn salt: Sodium chloride (NaCl) was strewn in the same amount as was used in the solutions 

above which were 4 g, 10 g, 14 g and 20 g. This corresponds to 100 g, 250 g, 350 g and 500 g of salt 

pr. m2 respectively.  

 

Burning: A hand held weed burner was use to burn test plots. Plots were burned for 5 sec, 15 sec, 30 

sec and 60 sec. The burner was held directly above the moss carpet (figure 1). 

 

Steaming: A Fiskars – “Steam it” was used to steam plots for 30 sec, 60 sec and 120 sec. The steamer 

was held directly above the moss carpet. 

 

Ferrous sulfate: FeSO4 was mixed after the normal recommendation when used as moss eradicator 

for 20 m2, which is 200 g pr. 10 l of water. This means that for each plot 0,4 g of FeSO4 was mixed 

with 20 g of water. This corresponds to 10 g of FeSO4 and 500 ml of water pr m2. 

 

Bleach: Sodium hypochlorite solution <5 % was mixed with water at the concentrations 50:1, 10:1 

and 1:1. It was applied to the test plots at an amount 40 ml which equals an amount of 1 l pr. m2. 

 

 

 

 

 

 

 

Figure 1: Treatment plot in 

Campylopus introflexus covered grey 

dune. Burning experiment being 

carried out.  

Foto by Henning Adsersen.   



 
 

Results 
 

Saline water: No Campylopus introflexus died from watering with a saline solution of 1%. At 2.5% more 

than 50% percent was dead, 3.5 % killed around 75 % whereas 5 % killed almost 100 % (Figure 3).  

 

Strewn salt: Around 10 % of Campylopus introflexus was killed when 4 g of salt was strewn in the 

sample plot. When strewing 10 g, 14 g and 20 g in the plot almost all the moss was killed, although 

10 g was less effective the 14 g and 20 g. (figure 4)   

 

Burning: Five seconds of burning had only little effect on Campylopus introflexus, around 5% was 

killed. At 15 seconds around 80 % was killed, around 90 % at 30 seconds and 100 % at 60 seconds 

of burning. (figure 5) 

 

Steaming: Steaming had an increasing effect with increasing time of applying. Around 70% was killed 

after 120 seconds of steaming (figure 6).  

 

Ferrous sulfate: Campylopus introflexus was blackish in the top ~5 mm of the dense mat, but new 

growth was registered just beneath this blackish top. Therefore no effect registered of ferrous 

sulfate solution on Campylopus introflexus was registered. (Figure 2 and 7) 

 

Bleach: 

Bleach had no effect when diluted 1:50, when using a dilution of 1:10 around 10% was killed. At 

the dilution 1:1 the bleach treatment became more efficient killing around 70% of Campylopus 

introflexus.  (Figure 7) 

 

 

Figure 2: Effect of ferrous sulfate. 

Blackish on top, but green and living 

just a few mm into the dense mat. Foto 

by author. 
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Figure 3: Effect of watering with a saline 
solution on Campylopus introflexus. Bars 
indicate standard error.   

 

Figure 4: Effect of salt strewn on carpet of 
Campylopus introflexus. Bars indicate standard 
error.   

 

Figure 6: Effect of steaming 
Campylopus introflexus. Bars indicate 
standard error.   

 

Figure 5: Effect of burning Campylopus 
introflexus. Bars indicate standard error.   

 

Figure 7 Effect of watering with solution 

of two chemicals used for moss killing on 

Campylopus introflexus. Bars indicate 
standard error. 



 
 

Discussion 
 

Saline water and salt 

Saline water is an easy and relative efficient way of killing Campylopus introflexus. Sea water is in 

plenty and with a normal salinity in the great oceans of 3.5% which would kill around 70% of the 

moss. Control with seawater would therefore be a cheap and relative efficient way in killing large 

parts of a dense Campylopus introflexus carpet. Repeated watering would probably have a greater 

effect.  

It is more efficient if the salt is not diluted in water, and instead strewn directly on the moss. This 

could probably be due to a slower rate of dissolving of the salt, in wet or moist weather, which 

could lead to a more efficient and longer effect of the salt instead of just immediately seeping 

through the soil. The high concentration of salt could also facilitate the osmosis and therefore have 

a greater effect than the diluted salt.   

Burning and steaming 

Burning was the most efficient way of killing Campylopus introflexus. 15 seconds of fire killed almost 

80 % of the moss, where 60 seconds killed 100%. Burning is not only killing the moss and all the 

other plants it is also creating the risk of a large fire in the dry dune system.  

Steaming was used as a substitute for burning in order to elimination the fire hazard. Steaming was 

not as successful as burning with only around 50% killed with 60 seconds of steaming. When 

examine the plot it could be observed that the moss in the center was dead and the moss along the 

edge was not. The shape of the steaming device hindered the steam of being applied along the edge, 

and the effect of the steam is therefore probably higher than this study suggested and should be 

considered as an alternative and fire safe alternative to burning.  

If burning or steaming is used for eradication of Campylopus introflexus precaution should be taken. 

All other species will most likely be killed as well.     

Ferrous sulfate and bleach 

At first appearance the ferrous sulfate had a great effect on Campylopus introflexus by colouring the 

surface blackish and killing the top of the moss carpet, but at closer inspection all the moss was 

alive beneath the blackish layer. This study suggest that the ferrous sulfate is capable of killing 

Campylopus introflexus, but that the carpets of Campylopus introflexus is too dense for the reaching 

further than around 5 mm into the moss carpet. A larger amount of ferrous sulfate would probably 

be able to kill the moss completely, but this would have to be documented by further studies. 

Another herbicide Asulox, has proven unsuccessful in killing the moss as well(Rowntree et al. 2003).      

Only a bleach solution of 1:1 showed a high effect on Campylopus introflexus. These high amounts of 

bleach could have a high environmental impact and should therefore be avoided.    



 
 

 

If salt fire or steam is used for eradication of Campylopus introflexus precaution should be taken. 

These control methods will all have a negative effect and kill the other species as well. They should 

therefore only be used where large areas are covered by a dense cover of Campylopus introflexus. A 

more natural to the habitat and less aggressive, way of controlling the moss is by either manually 

covering the moss with sand or creating areas of bare sand which can be dispersed by wind and 

cover the moss (Boxel et al. 1997; Hasse & Daniels 2006; Ketner-Oostra & Sykora 2000). Although 

it has proven a effective method, it will take up to several years in order to be effective.        

 

These experiments were all carried out in June, at the end of the moss‟s growing season. If these 

experiments had been carried out in the growing season a larger effect of the treatments could be 

expected, since a low or no metabolism occurs outside growing season (Proctor 2000). 

These results only document the immediately effects of the treatments, long term effects and re-

growth of Campylopus introflexus or other species have not been documented. Even though these 

short term experiments may sound promising, an extended long-term experiment would be 

recommended in order to see the effects of treatment over time.       

 

Biological control, by a predator, parasite or disease of Campylopus introflexus has never been 

evaluated. It would demand a thorough and series of studies in order to find a “natural enemy” that 

is host specific. This would probably be in vain, since species feeding on moss rarely if ever are host 

specific (Gerson 1982; Prins 1982). Even if a host specific natural enemy of Campylopus introflexus is 

found, further studies will have to be performed in order to evaluate the risk of native mosses being 

affected as well.  

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Final Conclusion 
 

In the Danish coastal dune system Campylopus introflexus was found to be most abundant in the dry 

relatively acidic nutrient poor grey dunes as well as in the next succession stage, the shrub 

dominated decalcified nutrient poor dune heathland. These two habitat types are mostly found 

within the EU, with a Danish share of respectively 16% and 84% of the total reported area for the 

two biogeographic regions that Denmark lies within. Denmark therefore has a great responsibility 

in the future conservation of these two habitat types, where increased management would be 

recommended in order to avoid deterioration.  

The indicator species analysis showed that in the coastal dune system Campylopus introflexus is most 

often found in areas with the moss species Dicranum scoparium and lichen of the genus Cladonia. 

Cladoina spp. is characteristic for the grey dunes and a favourable conservation status should be 

maintained according to the appendix V of the habitat directive. It is therefore critical that the 

surveillance program NOVANA, put in place to fulfill monitoring demands by the directive, only 

survey the Cladonia at genus level and not at species level. In the NOVANA program changes in 

abundance of the individual Cladonia species cannot be monitored and their conservation status can 

therefore not be estimated. The NOVANA monitoring program should be changed to include the 

individual Cladonia species in order to fulill the commitments in the habitat directive.  

Campylopus introflexus was found to have increased its presence in the Danish coastal dune system 

with 50% from 2004-2008. When evaluating the NOVANA data, which was used for this 

investigation, it was found to be of inconsistent quality. The data suggest that in some years the 

collectors of the data was unfamiliar with the Campylopus introflexus, this could especially be noted 

when the monitoring went from the Danish counties to the environmental centers under the 

National Environmental and Planning Agency. Better education of data collectors could minimize 

future errors. 

When investigating the effects of increased coverage of Campylopus introflexus a significant decline in 

species richness and abundance was found. The effect was most obvious in the Cladonia species 

where 6 species and 2 species groups were found to be significantly affected, which support the 

need for registration of the Cladonia species on species level in the NOVANA program as 

mentioned above.  

Biodiversity was found to increase with coverage of Campylopus introflexus until it covered around 

20%-40% hereafter it declines as it becomes more and more dominating. 



 
 

The DCA ordination showed that especially Polytrichum piliferum (juniperinum) and Cladonia portentosa 

declined with increasing coverage of Campylopus introflexus which is the same pattern as seen above 

but the effect on the individual species is not as obvious.  

When evaluating the influence of plot size it was found that the small plot size of 20 cm x 20 cm 

described the largest effects of Campylopus introflexus on the individual species. This indicates that the 

effect of Campylopus introflexus is very local. It could therefore be expected that the effect on the gray 

dune by Campylopus introflexus is only minimal and temporarily, since the effect of Campylopus 

introflexus is only local and the diverse lichen society of the grey dunes continue to persist in nearby 

areas as a source for re-colonization.  

When investigation the effect of salt, saline water, fire, steam, FeSO4 and bleach on Campylopus 

introflexus, as a way of control or eradication, burning for 60 seconds was found to kill 100 %. Salt 

strewn across the dense carpet was also found to be very effective above 250g pr. m2 which killed 

more than 90%. FeSO4 and diluted bleach was not effective in killing the moss. Eradication of 

Campylopus introflexus should only be sought in extreme infection by the moss, since it will have an 

equally effect on other species, as well as the long term effects of control is not yet known.     

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

Perspectives 
 

The findings in this study document the expansion and effects of Campylopus introflexus in the 

Danish coastal dune system. Campylopus introflexus is found to have a negative effect on the lichens 

in the grey dunes but only locally and probably only temporally as well. It should be noted that this 

study did not document the effects of Campylopus introflexus with expansion over time, but the 

species composition of similar areas with increasing coverage of Campylopus introflexus. In order to 

fully understand the effects of an expanding cover of Campylopus introflexus, permanent plots should 

be made and monitored each year, from a coverage of Campylopus introflexus of 0 % to a coverage of 

100 %. Due to the time restriction of the thesis, this was not possible, but I believe that these 

findings are close representation of the actual effects.   

On the basis of these and other studies, I will state that the effects Campylopus introflexus on 

biodiversity is only local and temporarily and that it therefore only can be defined as a mild or 

temporarily invasive species since the IUCN‟s definition of an invasive species states that an 

invasive species threatens biodiversity. I do therefore not think that resources should be used in 

controlling or eradication of Campylopus introflexus in the coastal dunes. Funds for conservation of 

the delicate lichen rich dune systems should instead be used to reduce nitrogen deposition, which 

leads to encroachments by graminoids, and is probably a greater threat to this delicate natural 

habitat. Continuous and efficient monitoring of the coastal dune system is recommended in order 

to continuously document the effects of Campylopus  
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Appendix I 
The distribution of Campylopus introflexus on the Southern hemisphere and North America was 

mapped with the help from bryologist around the world, and documentations through articles. All 

information was critically evaluated. Documentation used for the map is listed below. For 

distribution map of Europe see appendix II.  

 

Canada: Pers. comm. Terry Taylor; T Taylor, 

Botanical Electronic News No. 162, April 9 

1997. 

Argentina: (Pers. comm. Magdalena 

Schiavone) 

Australia: (Pers. comm. Niels Klazenga) 

(AVH 2009) 

Botswana: (Rooy 2003; SANBI 2009) 

Brazil: (Frahm 1974) 

Canada: (pers. comm. Terry Taylor)(Taylor 

1997) 

Chile: (Pers. comm. Juan Larraín)(Frahm 

2005) 

Falkland Islands: (Frahm 1974) 

Gough Island: (Wace 1961) 

Juan-Fernandez Islands: (Frahm 1974) 

Lord Howe Island: (Streimann & Klazenga 

2002) 

Macquarie Island: (Seppelt 1981) 

Marion Island: (Gremmen et al. 2003) 

 

 

 

 

 

Namibia: (Rooy 2003) 

New Caledonia: (Frahm 1990) 

New Zealand: (pers. comm. Vickey 

Tomlinson) 

Norfolk Island: (Streimann 2002) 

Paraguay: (Stech & Dohrmann 2004) 

Reunion: (O'Shea 2008) 

South Africa: (Rooy 2003) 

South Georgia: (Ochyra et al. 2002) 

South Sandwich Islands: (Convey et al. 

2000) 

Tristan da Cuncha: (Dickson 1965) 

Uruguay: (Frahm 1974) 

USA: (Pers. comm. Joannes A. Janssens; 

John Good; Scot Loring; Brent 

Mishler)(Christy et al. 1982; Frahm 1980; 

Stech & Dohrmann 2004) 
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Appendix II 
The distribution of Campylopus introflexus in Europe was mapped with the help from bryologist 

around Europe, and documentations through articles. All information was critically evaluated. 

Documentation used for the map is listed below. 

 

Austria: (Köckinger et al. 2008) 

Belgium: (Jacques & Lambinon 1968) 

Czech Republic: (Mikulášková 2006; 

Mikulášková 2009) 

Denmark: (Bruss et al. 2007; Frahm 1971) 

Deutschland: (Frahm 1972; Meinunger & 

Schröder 2007) 

Estonia: (Vellak et al. 2009) 

France: (Dumas 2008) 

Great Britain: (Richards 1963; Richards & 

A.J.E. 1975) 

Hungary: (Szücs 2009; Szücs & Erzberger 

2007) 

Iceland: (Pers. comm. Sigurður H. 

Magnússon) 

Ireland: (Richards 1963; Richards & A.J.E. 

1975) 

Italy: (Pers. comm. Michele Aleffi) 

Latvia: (Pers. comm. Abolina)(Abolina & 

Reriha 2004) 

 

 

 

 

Lithuania: (Jukoniené 2003) 

Luxembourg: (Werner 2008) 

Norway: (Hassel & Soderstrom 2005; 

Øvstedal 1978) 

Poland: (Fudali et al. 2009; Lisowski & 

Urbañski 1989; Stebel 1995) 

Portugal: (Hassel & Soderstrom 2005) 

Russia: (Razgulyaeva et al. 2001) 

Slovakia: (Holotova & Soltes 1997) 

Spain: (Casas et al. 1988) 

Sweden: (Hallingebäck et al. 1985; Johansson 

1977; NR 2009) 

Switzerland: (Urmi et al. 2007) 

The Azores: (Frahm 2005) 

The Netherlands: (Sipman 1977)
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Appendix III 

Scientific name Danish name IV-
max 

Signifance p S F 

Campylopus introflexus stjerne-bredribbe 100 0.001 *** 100 100 

Dicranum scoparium almindelig kløvtand 68.8 0.001 *** 80 86 

Cladonia sp., s.l. bæger- og rensdyrlaver 62.3 0.001 *** 65 95 

Corynephorus sandskægslægten 42.9 0.001 *** 74 58 

Calluna hedelyngslægten 41.6 0.006 ** 55 75 

Ammophila hjælmeslægten 38.5 0.001 *** 54 71 

Hypochoeris radicata almindelig kongepen 32.8 0.001 *** 53 62 

Polytrichum piliferum hårspidset jomfruhår 31.2 0.001 *** 90 35 

Jasione montana blåmunke 31.1 0.001 *** 63 49 

Polypodiaceae engelsødfamilien 28.1 0.001 *** 60 47 

Hypnum cupressiforme almindelig cypresmos 26.4 0.001 *** 65 41 

Hypnum jutlandicum hede-cypresmos 22.8 0.001 *** 85 27 

Pleurozium fyrremosslægten 22.3 0.001 *** 63 35 

Lichenes sp. lav (alle arter) 19.5 0.040 * 43 46 

Rumex acetosella rødknæ 19.1 0.005 ** 55 35 

Aira praecox tidlig dværgbunke 17 0.001 *** 70 24 

Pinus mugo bjerg-fyr 9.4 0.220 n.s 63 15 

Teesdalia flipkraveslægten 8.4 0.001 *** 67 13 

Polytrichum juniperinum ene-jomfruhår 8.2 0.001 *** 83 10 

Scleropodium fedtmosslægten 5.3 0.078 n.s 71 8 

Ptilidium ciliare almindelig frynsemos 5.1 0.001 *** 91 6 

Cytisus gyvelslægten 3.9 0.195 n.s 41 10 

Cerastium semidecandrum femhannet hønsetarm 2.6 0.118 n.s 57 5 

Quercus robur almindelig eg 2.5 0.990 n.s 67 4 

Betula pendula vorte-birk 2.4 0.426 n.s 75 3 

Luzula multiflora mangeblomstret frytle 2.3 0.858 n.s 62 4 

Pinus contorta klit-fyr 2.3 0.040 * 80 3 

Dicranum polysetum bølgebladet kløvtand 2.2 0.002 ** 70 3 

Silene otites klit-limurt 2.1 0.005 ** 76 3 

Picea sitchensis sitka-gran 1.2 1.000 n.s 74 2 

Stellaria pallida bleg fuglegræs 1 0.011 * 79 1 

Veronica arvensis mark-ærenpris 1 0.039 * 77 1 

Aulacomnium androgynum kugle-filtmos 0.8 0.034 * 74 1 

Eriophorum angustifolium smalbladet kæruld 0.7 0.858 n.s 77 1 

Geranium molle blød storkenæb 0.7 0.128 n.s 56 1 

Myosotis ramosissima bakke-forglemmigej 0.7 0.006 ** 96 1 

Picea glauca hvid-gran 0.7 0.067 n.s 93 1 

Ulex europaeus tornblad 0.7 0.024 * 89 1 

Genista pilosa håret visse 0.6 0.017 * 63 1 

Hylocomium splendens almindelig etagemos 0.6 0.929 n.s 50 1 

Scleranthus perennis flerårig knavel 0.6 0.096 n.s 80 1 

Cephalozia kantbægermosslægten 0.6 0.008 ** 100 1 

Erophila verna vår-gæslingeblomst 0.5 0.035 * 89 1 

Euphrasia micrantha var. micrantha lyng-øjentrøst 0.5 0.062 n.s 84 1 



 
 

 

 

 

Hypochoeris maculata plettet kongepen 0.5 0.013 * 94 1 

Lophozia flerfligmosslægten 0.5 0.024 * 89 1 

Ornithopus fuglekloslægten 0.5 0.048 * 82 1 

Pedicularis sylvatica mose-troldurt 0.5 0.109 n.s 83 1 

Racomitrium elongatum lang børstemos 0.5 0.441 n.s 56 1 

Silene nutans nikkende limurt 0.5 0.086 n.s 82 1 

Syntrichia ruraliformis spidsbladet hårstjerne 0.5 0.974 n.s 53 1 

Campylopus brevipilus hede-bredribbe 0.4 0.041 * 100 0 

Chiloscyphus latifolius sylspidset kamsvøb 0.4 0.466 n.s 53 1 

Sorbus intermedia selje-røn 0.4 1.000 n.s 52 1 

Erodium hejrenæbslægten 0.3 0.697 n.s 50 1 

Eryngium maritimum strand-mandstro 0.3 0.440 n.s 62 1 

Gentiana pneumonanthe klokke-ensian 0.3 0.291 n.s 68 0 

Pohlia nutans almindelig nikkemos 0.3 0.071 n.s 90 0 

Quercus petraea vinter-eg 0.3 0.056 n.s 91 0 

Scleranthus annuus Enårig knavel 0.3 0.077 n.s 91 0 

Spergularia rubra mark-hindeknæ 0.3 0.259 n.s 73 0 

Trifolium dubium fin kløver 0.3 0.860 n.s 42 1 

Aulacomnium palustre almindelig filtmos 0.2 0.635 n.s 60 0 

Drosera rotundifolia rundbladet soldug 0.2 0.555 n.s 52 0 

Picea abies rød-gran 0.2 1.000 n.s 54 0 

Plantago major glat vejbred 0.2 1.000 n.s 52 0 

Polytrichum commune almindelig jomfruhår 0.2 0.635 n.s 52 0 

Carex viridula var. viridula dværg-star 0.2 0.166 n.s 97 0 

Artemisia vulgaris grå-bynke 0.1 1.000 n.s 64 0 

Bellis tusindfrydslægten 0.1 1.000 n.s 52 0 

Carex echinata stjerne-star 0.1 1.000 n.s 64 0 

Eleocharis palustris Almindelig sumpstrå 0.1 1.000 n.s 64 0 

Elytrigia juncea strand-kvik 0.1 0.402 n.s 73 0 

Elytrigia juncea x repens hybrid-kvik 0.1 1.000 n.s 33 0 

Frangula tørstslægten 0.1 0.413 n.s 73 0 

Galium uliginosum sump-snerre 0.1 0.399 n.s 73 0 

Gnaphalium sylvaticum rank evighedsblomst 0.1 1.000 n.s 64 0 

Juncus bufonius tudse-siv 0.1 1.000 n.s 52 0 

Lathyrus japonicus ssp. maritimus 
var. maritimus 

strand-fladbælg 0.1 1.000 n.s 71 0 

Lycopodiella inundata liden ulvefod 0.1 1.000 n.s 57 0 

Maianthemum majblomstslægten 0.1 1.000 n.s 47 0 

Prunus spinosa slåen 0.1 1.000 n.s 64 0 

Sphagnum fimbriatum frynset tørvemos 0.1 0.410 n.s 73 0 

Sphagnum squarrosum udspærret tørvemos 0.1 0.271 n.s 52 0 

Tanacetum vulgare rejnfan 0.1 1.000 n.s 64 0 

Trifolium striatum stribet kløver 0.1 0.412 n.s 73 0 

Overview of the result from the Campylopus introflexus-group from the indicator species analysis. For each species 

the maximum indicator value (IV-max) is displayed, as well as the specificity (S= the groups part of the total 

amount of registrations of the species), and fidelity (F= the part of plots in the group in which the species is 

registered). The indicator values statistical significance is tested by a Monte Carlo-test with 1000 permutations. 

(***=<0.001, **<0.01, *<0.05, n.s.= not significant).  

 



 
 

Appendix IV 
Plot Nitrogen 

in mg 
Carbon in 

mg 
C/N ratio SOM % 

top 
SOM % 
bottom 

pH top 
(H2O) 

pH 
bottom 
(H2O) 

pH top 
(CaCl2) 

pH 
bottom 
(CaCl2) 

IB 17 0.1944 3.272 17 2.03 0.56 5 4.99 3.79 3.93 

IB 18 0.1321 1.229 9 1.26 0.79 5.06 4.93 3.78 3.8 

IB 19 0.0689 1.723 25 1.05 0.42 4.99 4.96 3.7 3.9 

IB 20 0.1878 2.803 15 1.91 0.82 4.92 4.64 3.76 3.76 

IB 21 0.1698 2.201 13 1.41 0.79 4.85 4.89 3.75 3.81 

IB 22 0.1225 1.397 11 0.98 0.48 4.97 4.71 3.78 3.87 

IB 23 0.3073 4.356 14 2.99 1.62 4.49 4.57 3.43 3.52 

IB 24 0.2524 2.965 12 2.51 0.86 5 4.95 3.72 3.77 

IB 25 0.2217 3.097 14 1.77 0.85 5.22 4.91 3.76 3.82 

IB 26 0.1862 2.625 14 2.33 0.89 4.87 4.81 3.77 3.73 

IB 27 0.1049 1.445 14 1.14 0.28 4.88 4.86 3.74 3.86 

IB 28 0.1957 2.153 11 1.61 0.82 4.99 4.75 3.63 3.68 

IB 29 0.1755 1.452 8 1.27 0.79 4.88 4.79 3.66 3.77 

IB 30 0.2608 3.798 15 2.62 0.86 4.43 4.51 3.54 3.65 

IB 31 0.2681 2.920 11 2.37 0.98 4.68 4.78 3.62 3.68 

IB 32 0.1705 1.917 11 1.52 0.79 5.47 4.81 3.63 3.73 

IB 33 0.2843 3.646 13 2.38 0.67 4.82 4.82 3.59 3.74 

IB 34 0.2401 2.831 12 2.03 1.04 4.74 4.64 3.61 3.68 

IB 35 0.2375 2.321 10 1.35 0.64 4.88 4.86 3.67 3.75 

IB 36 0.2711 2.849 11 1.91 0.98 4.76 4.56 3.59 3.65 

IB 37 0.4482 5.311 12 4.15 1.45 4.53 4.7 3.5 3.54 

IB 38 1.5290 32.156 21 17.17 2.18 4.35 4.66 3.19 3.41 

IB 39 0.1881 1.899 10 1.15 1.15 4.75 4.75 3.8 3.76 

IB 40 0.3845 5.589 15 4.49 0.89 4.97 4.87 3.68 3.79 

Ib 41 0.2613 2.971 11 1.97 0.75 4.63 4.72 3.53 3.68 

IB 42 0.3139 3.935 13 2.50 0.90 4.69 4.62 3.44 3.69 

IB 43 0.2202 2.683 12 2.13 0.92 4.78 4.71 3.48 3.7 

IB 44 0.3080 3.923 13 2.21 0.98 4.76 4.73 3.55 3.67 

IB 45 0.2396 2.620 11 1.63 0.71 4.81 4.78 3.54 3.72 

IB 46 0.4334 6.276 14 3.17 0.96 4.82 4.67 3.67 3.69 

 

 

 

 

 

Result from analyses of the soil samples  
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A: The measured pH of the 30 
large plots (240 cm x 40 cm) with 
and without presence of 
Campylopus introflexus. pH was 
measured in the top 2 cm of the 
soil and the following 8 cm with 
both H2o and CaCL2.  

 

Figure B: The percentage of 

nitrogen and carbon measured in 

the top 2 cm of the soil in the 30 

large plots (240 cm x 40 cm) with 

and without the presence of 

Campylopus introflexus. 

Figure C: The C/N ratio of the 

measured carbon and nitrogen levels 

in the top 2 cm of the soil in the 30 

large plots (240 cm x 40 cm) with 

and withoth presence of Campylopus 

introflexus. 



 
 

Appendix V 

(Continued) 
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Figure D: The percentage of carbon in 

the top 2 cm and following 8 cm of the 

soil in the 30 large plots (240 cm x 40 

cm) with and without the presence of 

Campylopus introflexus. 
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Figure C: The number of species 
found in each of the 720 small plots 
(20 cm x 20 cm) with and without 
Campylopus introflexus present at 
different coverage percentages.  
 

Figure A: The number of species 
found in each of the 30 large plots 
(240 cm x 60 cm) with and 
without Campylopus introflexus 
present at different coverage 
percentages. 

 

Figure: B: The number of species 
found in each of the 120 medium 
plots (40 cm x 60 cm) with and 
without Campylopus introflexus present 
at different coverage percentages. 
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Figure A: The average coverage of 
species found in each of the 30 large 
plots (240 cm x 60 cm) with and 
without Campylopus introflexus present 
at different coverage percentages. 

 

Figure B: The average coverage of 
species found in each of the 120 
medium plots (40 cm x 60 cm) with 
and without Campylopus introflexus 
present at different coverage 
percentages. 

 

Figure C: The average coverage of 
species found in each of the 720 small 
plots (20 cm x 20 cm) with and 
without Campylopus introflexus present 
at different coverage percentages. 

 


