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Abstract 

 

Disagreements on how fens and bogs are defined warrants an evaluation of how researchers 

classify these habitats. Ongoing work with a new typology for ecosystems creates an urgency 

to understand the classification in the field. The aim of this meta-study was to assess authors' 

naming of fen and bogs habitats, with regards to pH and indicator species and their 

correspondence to existing classification systems across geographic and research divisions. 

Even if the terms fen and bog were widely used and understood, application in practice was 

lacking. Despite tests yielding significant differences and a stratification in the groups bog, 

poor fen and rich fen according to their pH values, we still note discrepancies and overlaps in 

definitions of these habitats that steered from our reference values. Different pH-reference 

intervals can give varying classifications. Moreover, the use of indicator species, beyond 

some separation between a few North American studies and the rest, showed how the same 

species were often used for different habitats. The agreement of research practice with our 

reference definitions should be looked at deeper with the remaining studies of the database. 

For now, the findings should emphasize the need for a more consistent use of peatland terms 

in the field.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Introduction 

 

The classification of wetlands as fens or bogs is fundamental for our understanding of 

wetland functionality, biodiversity, and wetlands responses to global change. However, there 

is still some disagreement on these terms and different traditions and views on how to assess 

this in the field. Rydin and Jeglum (2013) provides the general background on how to define 

fens and bogs, but how this is actually done in the field by researchers has not been 

evaluated. Given that a new typology of ecosystems is under development that focuses on 

functions and responses (Keith et al. 2022), it is important to understand how the fen/bog 

classification works in practice. This thesis is a smaller scale meta-study done besides a 

larger database (work in progress) in the same topic.  

 

Wetlands form a broad category of habitats, defined as a transitional intermediary between 

firm land and bodies of open waters. A defining factor for wetlands is the water table being 

close to the ground surface (Canada Committee on Ecological Land Classification 1988). 

When working with defining wetlands, research in the USA puts emphasis on marsh and 

open water communities, while work in e.g Canada and Sweden takes a broader look at this, 

including bogs and fens (Rydin et al. 2013). Moving on, a peatland is a wetland area of peat-

covered terrain, which is a deposit of partially decomposed vegetable matter. The minimum 

depth limit of peat to be defined as peatland can vary: The limit is at 40 cm in Canada 

(Warner et al. 1997) and set at 30 cm by the International Mire Conservation Group (Joosten 

& Clarke 2002), the latter which we will consider the textbook definition in this thesis. A 

collective term for both fens and bogs is also used, mire (Swedish: Myr), which is defined by 

peat-forming habitats and a focus on the vegetation. This term is more commonly used in 

Scandinavia while peatland corresponds to mire in North America (Rydin et al. 2013). This 

exemplifies the purposive principle of classification, where in this case mire was useful in 

terms of botanics and ecology.  

 

Fens and bogs 

 

Fens and bogs have only quite recently moved from conversational terms to scientific terms. 

An overview of their respective attributes are given in Table 1. In North America, the term 

bog was loosely used as the definition of Sphagnum-dominated peatland until the 1960s 

(Rydin et al. 2013). It took the works of Hugo Sjörs (Sjörs 1959) and Miron Heinselman 

(Heinselman 1963) to reserve the term bog for ombrotrophic (nourished by precipitation) 

peatlands. Even earlier a framework was laid by Sjörs with the bog-poor fen-rich fen series, 

equating ombrotrophic habitats with bogs and minerotrophic (nourished by mineral soil 

ground-water) with fen (Sjörs 1948). However the use of non-specific words (e.g bog on non-

bog sites) can still be observed in maps and botanical work (Rydin et al. 2013). The pH 

ranges for in the poor-rich series are as follows: 3.5-4.2 for bogs, 4-5.5 for poor fens, 5-7 for 

intermediate-moderately rich fens and 6.8-8 for extremely rich fens. It is poor or rich in a 

floristic sense, associated with pH, that is implied and not the richness of nutrients (Rydin et 

al. 2013). 

 



 

Table 1. Key features of fen and bog as described in Rydin and Jeglum (2013), with attributes in common in 

green and differences in red.  

Peatland attribute Fen Bog 

Vegetation Open or sparse cover of low 

trees, low shrubs, graminoids, 

herbs, bryophytes 

Open or with low trees, dwarf 

shrubs, low cyperaceous plants, 

bryophytes 

Peats >30 cm peat; sedge and sedge-

Sphagnum common 

>30 cm peat; Sphagnum peat 

Moisture regime Groundwater fluctuates below 

to above surface in lawns, 

carpets and mud-bottoms; 

hummocks mostly above water 

table 

Groundwater fluctuates below to 

above surface in lawns, carpets 

and mud-bottoms; hummocks 

well above water table 

Microtopography Level, or with scattered 

hummocks, or patterned with 

ridges alternating with 

depressions (flarks) 

Level, or patterned with 

hummocks or ridges alternating 

with hollows 

Nutrient regime Minerotrophic; eu- to 

oligotrophic 

Ombrotrophic; oligotrophic 

 

Peatland classification 

 

Other ways of classifying peatland habitats exist and can vary in details and complexity 

between countries. Finland has a long tradition of this, with sites recognised by understorey 

vegetation, tree cover, water level and nutrient status (Ruuhijärvi 1983). This is outlined in a 

schematic of peatland types where wetness, trophic types and vegetation are used to pinpoint 

the specific e.g bog or fen (Ruuhijarvi & Reinikainen 1981). Much of Sjörs work was done in 

Canada and influenced the way of characterizing peatlands in North America (Sjörs 1959). 

Building on the Swedish approach, the National Wetlands Working Group came with a 

system built on four levels; class (fen and bog among them), form, type and specialized needs 

(Warner & Rubec 1997). This got further developed into a comprehensive treatment of the 

variation of wetland vegetation types in Canada, combined and simplified by Racey et al. 

(1996) into 17 ecosites on par with the Finnish and Swedish systems.  

 

Large parts of Europe also utilize the (phytosociological) Braun-Blanquet system for 

classification of vegetation, where peatlands are included (Dierßen 1996). The classes are 

based on floristic composition (certain indicator species and their frequencies) and relate to 

the rich-poor gradient. A different system in the same category would be the British National 

Vegetation Classification, a general tool covering all vegetation types in Britain, also based 

on frequency and abundance of species (Rodwell 2018). It is important to note how 

nomenclature depends on function, especially for mires: Is the classification meant to be 

specific and find sharp boundaries between ecosystems or are they meant to be useful for 



 

non-specialists in flora, focusing on appearances etc? With the scientific ambition of having a 

focused definition of peatland habitats being a recent phenomena, varying uses of these 

definitions can still be expected.  

 

Aims 

In this thesis I aim to investigate how researchers are defining fens and bogs in their studies 

and how well their research practice agrees with current definitions. In this work I will 

summarize the existing classification systems for fens and bogs, by looking through and 

reviewing the classification of bogs and fens from a set of papers.  Furthermore, I will 

describe and test if different definitions of bogs/fens exist between geographical or discipline 

divisions and test the use of indicator species and pH.  

  

  

Methods 

Data on how researchers have defined fens and bogs were extracted from 25 papers 

(Appendix A)  already collected in an ongoing project with a larger database (around 125 

papers), where pH in temperate and boreal peatlands have been investigated . Each paper was 

evaluated based on a protocol, where the main variables collected were the named peatland 

type (fen, bog or other), the motivation behind it and how it was based on pH, indicator 

species (vegetation) and any given peatland classification system. In addition, information on 

research-tradition (e.g., N America, N Europe), publication year, and journal scope (e.g., 

geoscience or vegetation) were gathered. Values for pH were extracted by the closest values 

to the treated site that the studies stated, but with a disclaimer given different methods of 

establishing the values (e.g mean values across sites, generalized values for whole mire 

complexes consisting of different habitats). It is important to note that a variation of number 

of habitat sites could be treated by a given paper and with this in mind the papers yielded 

around 148 data entries (sites). In the case of indicator species, I tried finding what the study 

counts as indicator species and, when lacking that, interpreted descriptions of the species as 

“characteristic” or “dominating” (ways of describing the species as important) as 

observations of indicator species.  

 

Data was summarized to explore patterns of differences in fen/bog determination, both 

qualitatively assessed and with statistical tests . Here I categorized the habitats in three 

categories: Bog, Poor Fen and Rich Fen, while sites not qualifying into any of these were left 

blank. Everything from poor fens to intermediate-poor fens fell under the Poor Fen category 

and likewise for Rich Fen, everything between intermediate-rich to extremely rich. The first 

step was to check the residuals of the data, moving on to a one-way Anova and then Tukey 

HSD for post-hoc analysis. An eta squared test was run to complement the analysis with the 

effect size. Moreover, the pH data was clustered by the k-means method, to partition the 

points into k groups such that the sum of squares from points to the assigned cluster centres is 

minimized. This method tests how well a statistical categorization corresponds to the study 

authors’ categorizations.  

 



 

To explore the vegetation data, it was analyzed with a multidimensional scaling (MDS), with 

a jaccard similarity index for presence/absence type of data. This was then illustrated with the 

point size of the plot scaling with pH. This was complemented with a Hierarchical cluster 

analysis, also with jaccard’s distance and Ward’s minimum variance method, where 

dissimilarities are squared before cluster updating. The analysis was conducted using R (R 

Core Team 2021) in R Studio, with the packages Hmisc (Harrell Jr 2022), lsr (Navarro, D. J. 

2015),  gsheet (Max Conway 2020) and dplyr (Wickham et al 2022). 

 

 

Results 

 

Description of research practice 

97 sites were deemed to have been fen or bog specific in naming, while 40 were not and 

could resort to general terms such as mire or even broader. 70 sites utilized some kind of 

poor-rich gradient classification system, while others could recognize them in their 

background without using them in the naming of the habitats. Indicator species were 

extracted from 91 sites, however not always expressly named as indicator species. Some 

studies with collaborations across different countries showed different approaches by 

different authors in certain sites: For instance, Silvola et al. 2003 had a UK site where the 

approach was the national classification system (which in this case was non-fen/bog specific), 

a Finnish site where the author used the rigid Finnish system (defined to a specific fen 

habitat), a Dutch site only naming it mire despite referring to more details in a background 

paper and a Swedish site named mire, while being a complex of both ombrotrophic and 

minerotrophic influences. A trend is that larger complexes possibly encompassing both fens 

and bogs of varying forms have to be called by a broader name (mire) but despite dealing 

with a specific site within the complex, more specific namings don’t always occur (even if 

they refer to e.g Sjörs work on fens and bogs) (Bragazza & Gerdol 1999), (Vitt & Bayley 

1984). It should also be noted that even fen/bog-specifically named sites could contradict 

their descriptions: E.g minerotrophic indicator species found in “bogs” (Wind-Mulder et al. 

1996), with a disclaimer about North American terminology lacking here (even though they 

used Braun-Blanquet’s system without specifying what type of fen they observed at an 

instance) and also “bogs” described as “minerotrophic”, also with higher pH than what’s 

proper for a bog (Szulc et al. 2014). 

 

Habitat and pH 

Observations lacking information on habitat type and pH had to be excluded: This excluded 

59 observations due to missingness, leaving us with a sample size of 89. The one-way anova 

showed a statistically significant difference, with a significant difference in pH between all 

the three groups (Table 2, 3; Fig 1). Some overlapping occurs and with occuring bog and 

poor fens points exceeding reference ranges (only one outlier on rich fen). The means were 

however within the textbook ranges. The k-means method corresponded the bog points well 

with the data, while the poor fen the fewest number of filled in points, meaning those are the 

points that the statistical categorization and the authors’ categorization matched and differed 

the most respectively (Fig 2).  



 

 

 
Figure 1. Box plot of the pH values per habitat type. The sample sizes for each group are 48 (bog), 25 (poor fen) 

and 22 (rich fen). 

 

Table 2. One-way Anova test table for pH and habitat. *=controlled post-hoc with Tukey HSD. 

Source of 

variation 

Df Sum Sq Mean Sq F P* Partial Eta-

squared 

Habitat 2 78.51 36.26 90.49 <2e-16  0.67788 

 

 

Table 3. Range and mean values for the pH and habitat data.  

Habitat:pH value Mean Range Reference pH-

ranges 

bog 4.098 2.82-5.89 3.5-4.2 

poor fen 5.349 4.20-6.70 4-5.5 

rich fen 6.390 5.43-8.17 5-8 

 



 

 
Figure 2. Plot of the k-means analysis, with filled in points being points where the algorithm and the studies 

have defined the same habitat. Asterisks indicate mean values. Sample size: 77. 

 

The MDS for the vegetation data arranges the point on the plot according to 

similarity/dissimilarity: The closer the points are together, the more similar the use of an 

indicator species and if the same species are used for the same habitat, the habitats should 

separate in the MDS. The MDS first showed outliers deemed to be from North American 

studies, with the use of Scheucheria palustris in one group and Myrica gale in another group. 

These got cut out for a better look at the majority of the points. Here we see little overlap in 

the species used, but also an indication of the same species being used for different habitats 

(Fig 3).  Some tendency for sites of similar pH and indicator species to group together can be 

discerned. Bogs are also the ones more clearly separated from the fens (e.g bottom left 

corner), illustrated too in the hierarchical cluster analysis (Fig. 4) but they are still not well-

defined. 



 

 
Figure 3. The MDS plot after cutting far-out outliers on the top-left and bottom right positions, with points 

scaled in size with pH and adjusted to not be plotted on top of each other. Sample size: 70. 

 
Figure 4. Hierarchical cluster analysis of the same subset of data as in the MDS. Sample size 70.  

 

Discussion 

 

The mere result that little over half of the sites had fen/bog specific names gives the 

impression of a notable discrepancy in the definitions of fens and bogs amongst researchers, 

in relation to current attempts at a textbook definition. However this could be distorted by the 

fact that some research papers were harder to extract data from, despite descriptions 

corresponding more to a textbook definition of habitats (Anderson et al. 1996, Bragazza & 

Gerdol 1999, Hájková & Hájek 2007). Also the focus on larger complexes makes it harder to 

discern the specific bog or fen sites and whether the authors would indeed consider them bog 

or fen sites, when they only resort to the larger labels such as mires or peatlands (Bragazza 

1997, van Kleef et al. 2012,Vitt & Bayley 1984). There is still  a majority using both pH and 

indicator species for their habitat determination, though the latter metric might be skewed by 



 

my interpretations of what they consider indicator species. On the other hand, there would  be 

less sites having been assessed with indicator species if the explicit use of the word 

“indicator” was needed. This seems implausible with how studies state the use of vegetation 

analysis.  

 

The results indicate statistically significant differences between the habitat groups in terms of 

pH, with an overall stratification that matches expectations of how bogs, poor fens and rich 

fens should be grouped. However, as described, both bogs and poor fens exceeded reference 

ranges of pH at a number of points that were not just outliers which is problematic if we want 

a consequently well defined interval for these habitats. Looking at the bogs with reported 

higher pH, I extracted comments about the sites being minerotrophic (van Kleef et al. 2012), 

(Foster & Glaser 1986). Nourishment by ground-water should fall under a category of fens 

instead of bogs, which would be more logical to find with higher pH. Even minerotrophic 

indicator species could be found on some of these sites (Foster & Glaser 1986). In this case, a 

possible explanation is that these bogs are in fact fens (more likely poor fens in our reference 

interval) that were named by a different reference system. For the poor fens exceeding the 

threshold into rich fen, two sedge fens from two different studies deemed to be poor by the 

authors had been described as extremely rich in a background study (Szumigalski & Bayley 

1997, Thormann et al. 1997). Another Canadian study deemed the sites to be poor fens 

according to their own threshold of pH >7 for rich fens, which differs from Sjörs ranges 

(Bendell-Young & Pick 1997). This information could indicate the discrepancy found with 

the k-methods analysis too: Bogs reported with higher pH and poor fens mixed up with rich 

fens induced these problems and the studies differ in intervals used (here perhaps even 

indicating a geographical difference). While one Canadian study of a biological tradition 

defined bogs correctly (Wind-Mulder et al. 1996), another Canadian study of the same 

tradition made the described faults with poor fens and rich fens (Szumigalski & Bayley 

1997): Is the North American effect on the naming larger than the research tradition? More 

data would need to be acquired for that analysis. 

 

The outliers of the MDS for the vegetation data were named poor and rich fens, treated by 

North American studies, many with Myrica Gale in common as an indicator species 

(Bendell-Young & Pick 1997, Vitt & Bayley 1984, Vitt & Chee 1990, Vitt et al. 1990). Such 

a large separation might warrant a further look at the different vegetation use in different 

regions. Even if the MDS plot and dendrogram showed some indication of a separation for 

bogs, there were still trends of the same species being used for different habitats. However, 

given the described problem with bogs defined differently as poor fens, this makes it 

interesting to see how the use of indicator species is with a more standardized definition of 

the habitats. Just the occurrence of minerotrophic indicator species in sites named bogs makes 

it understandable that we have such badly defined groups in the analysis.  

We know that analysis of vegetation can be hampered by the intercontinental floristic 

differences in vascular plants, where key indicator species are lacking on one or the other 

continents (e.g Calluna vulgaris, Erica tetralix or Ledum groenlandicum) (Vitt 2006). That 

could be expected to create a clear geographical separation in the MDS, the outliers perhaps 

being an indication of that. If authors include other species than what is in some way 



 

established indicator species, it might disrupt comparisons as well. A more stable basis would 

be the intercontinentally similar bryophyte flora that, with their highly specific habitat 

requirements, are deemed highly suitable peatland indicators (Gignac et al. 1991). Moreover 

lists of indicator species specific to individual peatland sites exist, from works of Sjörs’ for 

Sweden and Ruuhijärvi for Finland to Chee and Vitt for Canada, that can be looked at for 

variability in minerotrophy and ombrotrophy (Vitt 2006).  

 

The collected papers range from the 1980s until now in when they were written, while we are 

using a modern textbook as a central reference. This might warrant a better look and analysis 

of how the definitions have developed from then until now, rather than blankly comparing 

them as equals. This was also a subset of studies from an ongoing work on a larger database, 

where an analysis of the whole dataset could yield better results. A statistical test over the 

MDS plot could be interesting as well. Other water chemistry variables could further the 

analysis. 

 

To summarize, how well the research practice agrees with the reference definitions is hard to 

assess with this subset of data, but at least an indication of some discrepancies was found. 

The variables tested yielded knowledge of how different pH reference intervals could 

interfere with each other (namely poor-rich series) and a more rigid extraction of indicator 

species needs to be done to confirm overlaps in species use for different habitats. For now 

they show small separations between groups when the same species could be used for 

different habitats. The non-specific naming of peatland habitats also warrants more data to 

confirm if this is caused by treatment of too broad complexes or disagreement with the 

classification of fen and bog. 
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