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Abstract 
Alkaline fens are known to be wetlands that host large quantities of carbon, but also a huge 

biodiversity. However, anthropic pressures are degrading the peatlands with drainage, and 

conversion to agriculture or urbanization. These pressures induce externalities like a large release of 

greenhouse gas (GHG) by peat mineralization, and a loss of biodiversity, since they host numerous 

protected or endangered species. One of them is the Liparis loeselii, a small orchid facing declines in 

Europe and for which conservation measures are taken. Nevertheless, if recent studies inferred some 

factors shaping its population dynamics, they are still not clearly understood, particularly in fen 

contexts. This study aims at disentangle the processes shaping a continental population of L. loeselii 

in the Somme valley, among factors related to the hydrology of the site and the elevation of the 

individuals. We used Bayesian generalized linear models to infer the seasonal water level effects on 

the presence of L. loeselii. Moreover, we showed that the elevation of L. loeselii population is around 

the mean water levels of winter, and that the occurrence can be promoted by water level, notably in 

summer. Conversely, the highest water levels reported seemed detrimental to the L. loeselii 

population, suggesting a probably negative effect of flooding acting on local dispersal. Finally, this 

study provides insights to take restoration measures of alkaline fens, like a better hydrological 

functioning and an optimal water management. 

Key-words: Liparis loeselii, alkaline fens, Somme valley, peatland restoration, fen orchid, Bayesian 

generalized linear models 

Introduction 
Peatlands account for the half of wetlands on Earth (Convention on Wetlands, 2021). Although 

hosting a huge part of biodiversity they are currently under critical pressure, due to their exploitation 

for agriculture and peat extractions, involving drainage and peat degradation (Joosten, 2016). 

Moreover, peat degradation contributes directly to climate change, since the greenhouse gases 

(GHG) emissions increase with the drainage contribution to peat mineralization, which is an 

irreversible process (Joosten, 2016; Leifeld et al., 2011). Rewetting peatlands is therefore a major 

goal of peatland restoration since it contributes to limit from short to long term the peat 

degradation, the GHG emission, and the loss of habitats and biodiversity (Jurasinski et al., 2020; 

Kreyling et al., 2021; Zak and McInnes, 2022). 
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Alkaline fens are commonly found in Northern Europe, at topographic depressions accumulating 

water surging from calcareous aquifers. In Northern France, they are mainly located along the valleys 

of different rivers (Aa, Authie, Avre, Escaut, Somme), at topographic depressions (Sacy peatlands), or 

along the Northern France and Belgium coast (Marescaux et al., 2021). They also ecosystem services 

as various as the regulation of hydrologic regimes (e.g. flooding limitation, water provision in dry 

seasons), water quality, biodiversity refugia, carbon storage, and commons like tourism, history or 

leisure (Bonn et al., 2016; Groot et al., 2006; McInnes, 2013). In this geographical range, a lot of 

peatlands are actually degraded by drainage, agriculture and sometimes by trophic enrichment 

(Marescaux et al., 2021) and managed for a high primary production providing ecosystem services 

(grazing, hay production, wood production).  

The combination of high trophic conditions with the abandonment of agropastoral management 

have led to tall and woody vegetal species encroachment, increasing the competition with smaller 

and heliophilous species (Kotowski et al., 2013; Middleton et al., 2006; Sonnier et al., 2023). Liparis 

loeselii (L.) Rich., 1817, the fen orchid, is one of the species unfavoured by the encroachment 

dynamics. This orchid, although widely distributed in Europe and Northern America, undergoes a 

general population decline, leading its near threatened species status at the European level (Bilz, 

2011). This species is divided into two subspecies. Since Liparis loeselii subsp. ovata Riddelsdell ex. 

Godf. colonizes dune ponds, on sand, the subsp. loeselii is mostly found on continental areas and 

grows on peat. Northern France still count relatively large populations of this species, and its two 

sub-species, but also several well-preserved habitats to host them (both dune pannes and transition 

mires), the responsibility to the species conservation is high. Consequently, a national action 

program was developed allowing a collection of knowledges, about the species, and suggesting ways 

to its preservation (Valentin et al., 2010; Van Landuyt et al., 2015). 

The factors shaping the distribution, abundance, and reproduction of L. loeselii remain poorly 

understood although a larger literature is available since the last decades (Błońska et al., 2016; 

Destiné, 2000; Jabłońska et al., 2011; Megre et al., 2018; Rolfsmeier, 2007; Roze et al., 2014; Van 

Landuyt et al., 2015; Wheeler et al., 1998). The first difficulty to study the species is the stochastic 

processes governing populations dynamics (Valentin et al., 2010). First of all, L. loeselii is a species 

benefitting of habitat dynamics, and management reopening sandy or peaty wetlands that 

contribute to its colonization. On the other hand, a lack of dynamics, and a management not allowing 

landscape reopening and pioneer habitat can lead populations to extinction. If local factors 

contribute to these rates, the dynamics and the preservation of L. loeselii are more understood at a 

metapopulation level (Grootjans et al., 2017). Metapopulations have been studied in dune pannes in 

Wadden sea, identifying that water levels and soil and water characteristics, as well as the time from 

the formation of the pond, contribute to the colonization/extinction of the species (Grootjans et al., 

2017). This study testifies of different metapopulation levels, from local (adjacent pond to pond) to 

large (ponds of different islands) colonization dynamics. Water levels have also been shown to have 

an effect on the populations, the latter being more or less adapted to tolerate flooding (Grootjans et 

al., 2017). Changes in water chemistry are important, with an optimum spanning from desalination to 

decalcification (Grootjans et al., 2017; pers. obs., 2023). Indeed, Megre et al. (2018), evidenced that 

this tolerance is linked to functional traits, suggesting morphological adaptations -leaf shape and 

angle differed according to water levels-, and to fitness – individuals with higher aerenchymes in 

roots being less sensitive to long-term flooding. This study also underlined the ability of colonization 

by seeds measuring seed viability, concluding that partially water saturated substrates are favourable 

conditions for habitats to host L. loeselii populations. Moreover, a study within a population showed 

differed leaf and flower growth on individuals, according to the timing of snow melting, and 
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therefore water levels, suggesting a plasticity to face environmental conditions and increase fitness 

while increasing the probability of reproduction and dispersal (Roze et al., 2014). 

In the present study, we aim at understanding the effect of water level dynamics on the distribution 

of a population of L. loeselii. Our first hypothesis (i) the L. loeselii population is sharply distributed 

around the elevation mean of the fen and (ii) the population size may vary between years, and that 

high water levels in winter may promote the flowering of the species since it contributes to keep 

moist conditions to the habitat. Conversely, too long flooding could be detrimental to germination, 

growth and flowering depending of the flood timing. Thus we suggest that too high water levels in 

spring can reduce L. loeselii flowering and survival, but that too low water levels in this season may 

not induce germination, increasing stress conditions under drought, and promoting reproductive 

mechanisms.  

These results should allow to know the factors contributing to the survival of the population. In a 

perspective of habitat restoration, the results would give insights to determine the hydrological 

management of the site, targeting optimal water levels, but also to determine the depth of a top-soil 

removal action to allow colonization of new habitats by L. loeselii and other transition mire species. 

This study aims at being an example of restoration planning meeting the preservation of both 

biodiversity and ecosystem functioning. Finally, this study aims at contributing to the knowledge of 

the factors shaping L. loeselii continental populations, since it remains poorly understood compared 

to littoral populations.  

Materiel and Methods 
Study Site 
The study site is located in the Somme valley in Northern France, which is a valley remarkable by its 

huge area of peatland habitats -around 15 kha of minerotrophic alkaline rich fens (François, 2021). 

The site ‘Grand marais de la queue’ in Blangy-Tronville (Somme district, France; Figure 1), is known to 

host one of the three currently known continental station of Liparis loeselii (L.) Rich., 1817 (Meire 

and Rivière, 2019) in Northern France. In this site, L. loeselii subsp. loeselii is found on transition 

mires, that cover a surface of 8600 m². The first individual was found in 1999 and the population 

rapidly spread to adjacent transition mires. This mire is annually mowed with exportation, and is 

surrounded by woody habitats (Sphagno-Alnion glutinosae), that could contribute to encroachment 

and engage competition with rare species, L. loeselii among them (Meire and Rivière, 2019). 
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Figure 1: Location of the L. loeselii population. The area is divided in squared 5x5 meters quadrats. The upper left map 
indicates (red dot) the location of Blangy-Tronville within the Hauts-de-France region. The white rectangle in the pond 
represents the location of the limnometric scale. 

 

Data collection 

Water level monitoring 
Water levels were measured once to twice a month on a limnometric scale located in the pond 

(Figure 1). This pond is an ancient peat extraction site, and is colonized around by a transition mire 

vegetation. The elevation of the transition mires within a year as well as water levels in micro-ponds 

located in the L. loeselii zone do not vary more than the GPS accuracy, as measured by the protocol 

of Berquer (2023). Indeed, it is rooted into the accumulated peat below, and therefore undergoes 

punctual flooding, during high water levels. We then consider uniform the water level on the current 

area of L. loeselii distribution on the site (Figure S1.A), although pond water level is generally from 1 

to 4 cm above the piezometer level (Figure S1.B). We then calculated for each season (Winter, 

Spring, Summer and Fall), the mean, maximal and minimal water levels of the pond (Figure 2). 
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Population monitoring 
The distribution of L. loeselii was monitored using a grid of 5 × 5m square, covering all the potential 

area of the species (Figure 1). For each year, presence/absence of the species was defined cell by cell, 

considering overlapping of GPS point taken during the monitoring of the population. Each cell which 

was not overlapping by any GPS point was considered as absence cell for the species, for the 

evaluated year. In 2021, presence-absence was evaluated but individuals were not counted.  

We monitored the population size of L. loeselii annually since 2010 (excepted on 2016, and from 

2020 to 2022). Since the area is relatively small, all the area was searched for individuals, which were 

locally flagged to avoid double counting using colored sticks. Then GPS points were taken for each 

individual or group of individuals (less than 5 meters around the GPS point). Flowering individuals 

were counted separately from vegetative ones. 

Topographical measures 
In 2017 and 2023, the stage of each individual found (627 in 2017, and 30 in 2023) on the area was 

measured, according to Meire (2019), as well as their elevation using a differential GNSS 

measurement computed with the RTK technology (Spectra Geospatial, SP20), providing a real-time 

accuracy of 10 mm in horizontal and 15 mm in vertical. Within each quadrat, we calculated the mean 

elevation of the soil as well as its standard deviation, from the data available on the RGE-Alti® 

database (IGN, 2018), using a Lidar technology. We extracted a raster with an accuracy on the site 

lesser than 0.3 meters, converted into 1 m² pixels. This data treatment was performed on QGIS 

version 3.28.4 ‘Firenze’. 

 

Figure 2: Sampling strategy and timing along the seasons of the year including the processing of the water levels for each 
season (trimesters). Data monitoring of L. loeselii population differs according to the year. 

Statistical analysis 
We first modelled the occurrence of L. loeselii according to the water levels of the six different 

preceding seasons. For a growing season of L. loeselii in Summer of a given year (yearn), we took as 

variables the differences between the mean elevation quadrat and the water levels of Spring and 

Winter of the yearn, and the water levels of Fall, Summer, Spring, and Winter of the yearn-1. Indeed, 

the life cycle of L. loeselii includes an invisible protocorm stage that may occur several months before 

the vegetative stage (Valentin et al., 2010), a germination that has been documented by Tsutsumi et 

al. (2011) on three other Liparis species. 
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Each model was assessed using a Bayesian Generalized Linear Model (Muth et al., 2018), assuming a 

binomial distribution due to presence-absence data, with a Normal distribution as a prior. We used 

Monte-Carlo Markov Chains (MCMC), using two chains with 5,000 iterations. Concurrent models 

using a model simplification were tested, discarding the non-significant variables, as well as an 

improvement of the fit adding a quadratic term of each variable in other concurrent models. The 

evaluation of each model was based on parameters assessing the fitness of the model like the Rhat 

considering a threshold of 0.7, then we checked for convergence (function shinystan, Gabry et al., 

2022). The selection of the final model was performed using a Leave-One-Out (LOO) procedure, 

giving with the EPLD and SE differences a comparison with concurrent models as detailed by Sivula et 

al. (2022). 

In a second analysis performed on the observations and the elevation measured for each found 

individual in 2017 and 2023, we compared the altitudinal distribution of the flowering, vegetative 

and total population with the water levels, using Welch t-tests, to study if the elevation range of L. 

loeselii individuals undergoes regular drought (water level significantly below ground), or flooding 

(water level significantly above-ground).  

All the statistical analyses were performed on R software (version 4.2.2, R Core Team, 2023), using 

the packages rstanarm (version 2.21.4, Stan Development Team, 2023) and shinystan (version 2.6.0, 

Gabry et al., 2022). 

 

Results 
 

All the models presented showed adequate parameterization and convergence. If concurrent models 

were preferred in some cases, discarding one to four variables, quadratic effects never improved our 

models. 

Occurrence of L. loeselii individuals within quadrats 
We performed Bayesian generalized linear models to explain the presence/absence variable by the 

elevation standard deviation, and by mean, maximal or minimal water levels measured below the 

quadrat mean ground elevation, in different seasons before the observations. We showed a 

significant negative effect of the elevational heterogeneity on the presence of individuals on the 

quadrat. The mean and minimal spring water levels had negative effects, whereas the maximal water 

level in spring had a positive effect on the occurrence. Conversely, maximal winter water level had a 

negative effect but the mean and minimal winter water levels had positive effects on the presence of 

L. loeselii in a quadrat. Maximal and minimal water levels in fall had positive effects, which was not 

the case for the mean water level. The mean and minimal water levels in summer had positive 

effects. High water levels (both, mean, minimal and maximal) during the winter of the preceding year 

had always significantly positive effects on the occurrence (Table 1). 

Table 1: Results of the models of the presence of L. loeselii within quadrats according to elevation (mean and sd) and (a) 
mean, (b) maximal, and (c) minimal water levels. 

(a) Mean Water level 
 Intercept Sd elevation Spring Yearn Winter Yearn Fall Yearn-1 Summer Yearn-1 Spring Yearn-1 Winter Yearn-1 

Occurrence 0.8 (±0.1) -5.8 (±1.6) -3.0 (±1.2) 6.9 (±1.2) ns 2.9 (±0.8) ns 5.7 (±0.9) 

(b) Maximal Water level 



7 
 

 Intercept Sd elevation Spring Yearn Winter Yearn Fall Yearn-1 Summer Yearn-1 Spring Yearn-1 Winter Yearn-1 

Occurrence ns -6.9 (±1.6) 6.6 (±0.9) -1.6 (±0.9) 2.1 (±0.7) ns ns 3.8 (±0.8) 

(c) Minimal water level 

 Intercept Sd elevation Spring Yearn Winter Yearn Fall Yearn-1 Summer Yearn-1 Spring Yearn-1 Winter Yearn-1 

Occurrence 2.2 (±0.2) -4.5 (±1.6) -4.7 (±0.8) 8.1 (±0.9) 6.6 (±1.1) 2.3 (±1.2) -2.1 (±1.1) 5.1 (±1.0) 

 

For each year, we performed t-tests to highlight an elevation mean difference between quadrats 

with or without L. loeselii individuals. Every year, with no exception, the quadrats in which a presence 

of L. loeselii was reported were significantly at a lower elevation than the quadrats in which no 

individual was reported. The same pattern was found with the standard deviation in quadrat 

elevation, showing significantly higher heterogeneity of the elevation in absent quadrats than in 

presence quadrats. The mean elevation of quadrats with a presence of L. loeselii individuals 

remained between 24.58 and 24.61 meters above sea level, and the mean elevation of absence 

quadrats remained between 24.70 and 24.74 m.a.s.l.. In the same way presence quadrats had a 

standard deviation around 0.03 m whereas absence quadrats have a standard deviation around 0.05 

m (Table S1).  

Altitudinal distribution of Liparis loeselii 
The population of L. loeselii was counted from 2010 to 2023, at the exception of the years 2016, and 

2020 to 2022. The population ranges from 30 individuals in 2023 to 1659 in 2015 (Figure 3). The 

proportion of flowering individuals ranges from 20% (2015) to 80% (2013).   

 

Figure 3: Number of individuals of Liparis loeselii observed from 2010 to 2023. The count is represented according to the 
phenological stage (yellow, flowering; green, vegetative; grey for the total population). In 2016, 2020, 2021 and 2022, the 
individuals were not counted according to the same protocol, i.e. with less exhaustivity.  

We then compared the differences between the mean elevation of the population of L. loeselii of the 

whole site and for each phenological stage, with the mean elevation of water level, for each season, 

calculated over five years before the observations (i.e. from June 2012 to June 2017 for the 

comparison of the 2017 population, and from June 2018 to June 2023 for the comparison in 2023). 

We consider that a five-year time span may include both driest to wettest years and is more adapted 

to understand the fluctuations than a one-year time span. We used Welch two samples t-test since 

we checked for a normal distribution of each compared sample, with different variances (Table 1). 
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We did not find any difference between the mean elevation of L. loeselii individuals and the water 

levels in winter, whatever the phenological stage considered, meaning a water depth not significantly 

different from the L. loeselii ground. Conversely, we found a mean water level significantly below the 

L. loeselii altitudinal distribution in summer and fall. In spring we only found a significant difference 

on the vegetative and total population of 2017, that can be due to a fewer number of individuals in 

2023 (respectively 627 and 30), meaning that the L. loeselii ground elevation undergoes at least 

punctual flooding some years. The mean water level in fall was systematically the lowest, whereas 

the highest mean water levels occurred in spring and winter. 

Table 1: Comparison of the elevation distribution of L. loeselii with the mean water level in different seasons. Results are 
split between 2017 (upper table) and 2023 (lower table), since the monitoring of the altitudinal distribution of L. loeselii 
population occured only during these two years. 

Year Stage Season 
Mean L. 
loeselii 

Elevation 

Mean water 
level of the 

season 
t-value df p-value 

2
0

1
7

 

Fl
o

w
e

r 

N
 =

 1
5

5
 Winter 24.471 24.459 0.911 33 0.369  

Spring 24.471 24.475 -0.323 36 0.748  

Summer 24.471 24.405 3.500 18 0.003 ** 

Fall 24.471 24.391 7.437 29 <0.001 *** 

V
e

ge
ta

ti
ve

 

N
 =

 4
7

2
 Winter 24.444 24.459 -1.305 27 0.203  

Spring 24.444 24.475 -2.579 29 0.015 * 

Summer 24.444 24.405 2.143 16 0.045 * 

Fall 24.444 24.391 5.392 21 <0.001 *** 

To
ta

l 

N
 =

 6
2

7
 Winter 24.449 24.459 -0.954 26 0.349  

Spring 24.449 24.475 -2.243 28 0.033 * 

Summer 24.449 24.405 2.378 16 0.030 * 

Fall 24.449 24.391 5.878 20 <0.001 *** 

2
0

2
3

 

Fl
o

w
e

r 

N
 =

 1
2

 

Winter 24.501 24.553 -1.500 14 0.155  

Spring 24.501 24.549 -1.599 17 0.128  

Summer 24.501 24.401 2.402 16 0.028 * 

Fall 24.501 24.377 3.295 16 0.004 ** 

V
e

ge
ta

ti
ve

 

N
 =

 1
8

 

Winter 24.513 24.553 -1.164 13 0.265  

Spring 24.513 24.549 -1.218 16 0.241  

Summer 24.513 24.401 2.747 15 0.015 * 

Fall 24.513 24.377 3.672 15 0.002 ** 

To
ta

l 

N
 =

 3
0

 

Winter 24.509 24.553 -1.309 13 0.213  

Spring 24.509 24.549 -1.387 16 0.185  

Summer 24.509 24.401 2.629 15 0.019 * 

Fall 24.509 24.377 3.542 15 0.003 ** 

 

 

Discussion Conclusion 
Overall, we confirmed the expectation through the analysis of results. L. loeselii, in Blangy-Tronville, 

confirmed at having an irregular population dynamic, which is a general pattern for this species 

(Valentin et al., 2010). We also found effects of the water level on the probability of occurrence.   
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Trend of the Liparis loeselii population 
We showed with the monitoring of both flowering and vegetative individuals of L. loeselii in the site 

Grand Marais de la Queue, that the population undergoes large fluctuations between years (Figure  

2). This dynamic was previously described in some studies (Grootjans et al., 2017; Hendoux et al., 

2001; Valentin et al., 2010), but remains poorly understood at least on inner land populations. In the 

case we studied, the population fluctuates both in total, flowering and vegetative individuals. 

However, the years with the highest numbers of individuals were mainly the years with the highest 

percentage of vegetative individuals. Conversely, the years with a large proportion of flowering 

individuals are the years with the lowest total of individuals. This pattern may underline years 

particularly suitable for the L. loeselii reproduction or dispersal, or conversely unsuitable years 

promoting stress-induced flowering (Takeno, 2016). Since the life cycle of L. loeselii spans on several 

years (Valentin et al., 2010), we suggested that the fluctuation may be due to preceding seasons, 

including climatic conditions and site management. We observed that a high number of observations 

of vegetative individuals may follow a year with relatively better conditions for reproduction and 

recruitment. Conversely, in case of harsh conditions for L. loeselii, we could suggest that the effect on 

the following year, would be a negative effect on vegetative population, because a low recruitment, 

but an unchanged or increased number of flowering individuals, being vegetative the previous year, 

leading to a higher proportion of flowering individuals (Takeno, 2016; Tsutsumi et al., 2011). 

Regarding the vegetation management, we did not find any effect of the timing since the last 

mowing, though the trend is decreasing for vegetative individuals, but based on few observations 

(Figure S2). 

Effects of elevation and water levels on the L. loeselii occurrence 
Peatland functioning and peat conservation are deeply dependant of the water levels, and the 

restoration action may also include a restoration of the hydrology functioning using weirs to maintain 

water levels particularly in driest summers that occur more frequently in Northern France with the 

global warming. To meet the hydrology restoration with the L. loeselii preservation, we performed 

models of presence/absence (i.e. occurrence) in a quadrat with the elevation heterogeneity and 

water levels as variables. We confirm that a heterogenous ground elevation had negative effects on 

the occurrence of an individual in a quadrat. Moreover, we found that spring water levels decrease 

the occurrence whereas in winter a higher minimal water level increased it. In summer, the water 

level had a positive effect. Therefore, retaining water on the site, and improving hydrology with 

restoration, seem to be of crucial importance for the L. loeselii preservation, but also to avoid a 

drought of the peat superficial layer that can contribute to peat degradation, soil mineralization, a 

greenhouse gas release, and subsidence (Hatala et al., 2012; Herrera-García et al., 2021; Ikkala et al., 

2021). In fall, the increasing occurrence with high water levels may be due to a promoted dispersal 

on the nearby area, due to higher water level, compared to dryer years. The fall being the season 

with the lowest water levels, we may suggest that a drought could not disperse seeds or unfavour 

the development of the protocorm stage, i.e. the stage that allow some orchid species to winter. A 

lack of precipitation and increased temperature being expected with the global warming, this effect 

should have consequences for the L. loeselii preservation. Conversely, high water levels during the 

dispersal season might promote large scale dispersal. This process had previously been studied by 

Vanden Broeck et al. (2014) comparing the genetic variation of population located in dunes and fens 

across Europe. These effects were expected, meeting the results of Jabłońska et al. (2011) at the 

habitat level, the plant community hosting L. loeselii being altered by decreasing water levels. Our 

results also meet the effect of water levels found by Megre et al. (2018) on the survival rate of L. 

loeselii, hence affecting populations. 
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Comparison between the elevation of L. loeselii and the water table 
To show if a flood, even temporary, can disperse at short or large scale, and to show if a drought 

might be responsible to unfavourable conditions for an optimal growth, germination or survival, we 

performed tests comparing the elevation of the individuals with the elevation of the water levels. We 

found that in winter and spring, the water level rises around the mean elevation of L. loeselii 

individuals, and eventually flood the area, which is not the case in summer and fall when the water 

level is significantly below the L. loeselii ground. Though we found differences in mean elevation 

between 2017 and 2023, years where we gathered data with the differential GNSS, the differences 

between the L. loeselii altitudinal distribution and the water levels were the same within each year. 

Thanks to these results, combined with the ones from the models, we suggest that the L. loeselii 

dispersal in summer requires water to disperse, but it also depends of low water levels to allow the 

propagules to beach in a suitable nearby area, rather than being an effect due to flooding. The mean 

water levels in winter and spring preceding 2023 are higher than those of 2017, whereas the ones in 

summer and fall do not. These conditions, with the results of the model on the occurrence might 

explain a recent decrease of occurrence the recent year. Although the L. loeselii, an hygrophile 

species, is promoted by constant wet conditions, highest maximum water levels, suggesting 

immersion, or temporary flooding, might be detrimental (Megre et al., 2018). Considering 

management implications, it should be better for the L. loeselii conservation to maintain or increase 

a water release in winter or spring but keep high water levels at the end of spring to anticipate the 

prejudicial summer drought. 

A strait range of elevation is optimal for the presence of L. loeselii 
We found that in the area that we considered suitable for the presence of L. loeselii, the quadrats 

where an actual presence of L. loeselii was reported were significantly lower than quadrats where no 

individuals were reported. In the latter, the higher elevation might avoid the optimal and constant 

wet conditions required by L. loeselii. Although the Somme stream often receive nutrients from 

agriculture and urbanization and often show unsuitable water to keep oligotrophic conditions in the 

peatlands of the valley, analysis of the water composition of Blangy-Tronville show a water quality 

compatible with favourable conditions for the development of protected or threatened habitats or 

species (pH = 7.86, Nitrate ≤ 0.5 mg.L-1, Nitrite ≤ 0.05 mg.L-1, Orthophosphate ≤ 0.4 mg.L-1; further 

details in Tableau S2). Moreover, if habitat rarely or never undergoes sufficient immersion by alkaline 

water, provided by ground water emergences, alkaline conditions can be lost, and an acidification 

process can occur. Near the area of the study, some habitats seem to undergo this process, since a 

change in vegetation was observed, with a fast development of Sphagnum species under birch trees 

leading in a second step towards more acidic conditions but also an elevation of the soil with a 

potential of Sphagnum-peat forming (Reeve et al., 2000; Soudzilovskaia et al., 2010). This result could 

be also of importance to redefine our consideration of the suitable area, selecting the quadrats with 

a lower mean elevation. Our results are in accordance with those found by Jabłońska et al. (2011), 

who described some processes shaping vegetation patterns, including one hosting a L. loeselii 

population, the brown moss- small and slender sedge fens. In a context of alkaline fen restoration, 

lead on the site by the Conservatoire d’espaces naturels through the LIFE project Anthropofens, an 

improvement of the functioning of the peatland is expected. One of the planned actions being a 

sodcutting to improve the trophic conditions on the superficial peat layer, and contribute to favour 

targeted habitats, these results give insights to meet the improvement of the functioning with the L. 

loeselii conservation. In that case, we would recommend to sodcut at least in some part of the site, 

until the elevation with the highest occurrence probability of L. loeselii individuals.  
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Conclusion 
We showed that the fluctuations of the population of L. loeselii may be explained by factors linked to 

water levels (Figure S3). They have different effects on the population according to the season, since 

they act directly on particular stages of L. loeselii life cycle. This work also provides insights to 

improve the accuracy of the targeted soil and water level elevation, and therefore a best restoration 

by sodcutting and weir installation. Management of water levels all year long should then be 

improved to meet the manager’s objectives on the site. Since the Somme Valley is a strongly 

anthropized valley, the water level fluctuations may be more important than in other contexts. 

Therefore, if this study disentangled the factors relative to water levels on the L. loeselii population in 

this context, it seems difficult to generalize to other contexts with a better habitat preservation, and 

less drought or flooding probabilities. If we focused on water levels and elevation, the interaction 

with higher vegetation may be of importance for Liparis species germination and flowering (Tsutsumi 

et al., 2011). Therefore, models with a larger number of observations on mowing timing could be 

further performed to disentangle the competition processes from the one of environmental factors.  

 

Supplementary material: The supplementary material is available online at […]. It includes the Figure 

S1: Water levels measured (A) the same day (August 30th, 2023) in the pond and in microtopographic 

depressions on the terrestrial area covered with a thin layer of water, and (B) on the limnometric 

scale (green) and with the piezometer (blue) that was installed in January 2022, at a ground elevation 

of 24.50 m ; the Figure S2 : Linear regression of the square-root transformed count of Liparis of each 

stage according to the time since the last mowing. Mowing generally takes place in autumn or in 

spring, when the conditions allow it: avoiding the vegetative and flowering stages of L. loeselii and 

avoiding the high water levels period that does not allow the mechanical use. These relationships are 

not significant (P-Values > 0.05, Number of observation = 8, yellow: R²(flowering) = 0.004, green: 

R²(vegetative) = 0.139, grey: R²(total) = 0.146 ; the Figure S3: Representation of the water level 

measured on the limnometric scale converted in elevation (m.a.s.l., black line). Each year when the 

quadrat protocol was performed, the distribution of the absent quadrat (red) and present quadrat 

(blue) were represented. The scale of the ‘density’ axis (top) is fixed, to represent the number of 

quadrats of each stage per year as well as the variance of quadrat hosting L. loeselii individuals. The 

black dashed line represents the mean ground level of quadrats where at least one individual was 

observed, around 24.53 m.a.s.l.. The x-axis covers the whole time span of the study, from 2007 to 

2023; and the Table S1: Results of the Welch t-test comparing the mean (upper table) and the 

standard deviation (lower table) of the elevation of quadrats including at least one individual of L. 

loeselii (presence) with a quadrat where no individual was reported (absence) and Table S2: Chemical 

analysis of different parameters of water samples in the ponds of the 'Grand marais de la queue' in 

Blangy-Tronville, Somme, France. Bla_G1 and Bla 6 are the samples the closer from the Liparis area. 
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Figure S1: Water levels measured (A) the same day (August 30th, 2023) in the pond and in microtopographic depressions on 
the terrestrial area covered with a thin layer of water, and (B) on the limnometric scale (green) and with the piezometer 
(blue) that was installed in January 2022, at a ground elevation of 24.50 m.  

(A) 

(B) 
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Figure S2: Linear regression of the square-root transformed count of Liparis of each stage according to the time since the 
last mowing. Mowing generally takes place in autumn or in spring, when the conditions allow it : avoiding the vegetative 
and flowering stages of L. loeselii and avoiding the high water levels period that does not allow the mechanical use. These 
relationships are not significant (P-Values > 0.05, Number of observations = 8, yellow: R²(flowering) = 0.004, green: 
R²(vegetative) = 0.139, grey: R²(total) = 0.146). 
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Table S1: Results of the Welch t-test comparing the mean (upper table) and the standard deviation (lower table) of the 
elevation of quadrats including at least one individual of L. loeselii (presence) with a quadrat where no individual was 
reported (absence). 

Variable Year 

Mean values of the variable for 
quadrat  t-value DF p-value 

Presence Absence 

M
e

an
 E

le
va

ti
o

n
 

 

2007 24.594 24.713 -9.642 144 <0.001 *** 

2008 24.597 24.711 -8.385 79 <0.001 *** 

2009 24.588 24.709 -7.748 34 <0.001 *** 

2010 24.608 24.715 -8.055 161 <0.001 *** 

2011 24.589 24.722 -11.602 333 <0.001 *** 

2012 24.593 24.726 -10.982 332 <0.001 *** 

2013 24.584 24.717 -12.087 311 <0.001 *** 

2014 24.584 24.721 -12.380 341 <0.001 *** 

2015 24.588 24.737 -12.806 342 <0.001 *** 

2017 24.593 24.732 -11.747 355 <0.001 *** 

2018 24.587 24.736 -13.128 330 <0.001 *** 

2019 24.583 24.732 -13.314 345 <0.001 *** 

2021 24.581 24.712 -12.316 272 <0.001 *** 

2023 24.584 24.707 -7.514 15 <0.001 *** 

St
an

d
ar

d
 d

e
vi

at
io

n
 

2007 0.031 0.051 -5.605 50 <0.001 *** 

2008 0.034 0.050 -4.649 40 <0.001 *** 

2009 0.028 0.050 -4.640 19 <0.001 *** 

2010 0.033 0.051 -5.779 91 <0.001 *** 

2011 0.032 0.052 -6.577 133 <0.001 *** 

2012 0.032 0.052 -7.156 184 <0.001 *** 

2013 0.029 0.051 -8.163 120 <0.001 *** 

2014 0.030 0.052 -7.405 122 <0.001 *** 

2015 0.030 0.054 -9.622 338 <0.001 *** 

2017 0.033 0.053 -7.682 293 <0.001 *** 

2018 0.032 0.054 -8.267 321 <0.001 *** 

2019 0.029 0.054 -9.963 318 <0.001 *** 

2021 0.031 0.050 -7.334 78 <0.001 *** 

2023 0.034 0.049 -3.692 10 0.004 ** 
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Tableau S2: Chemical analysis of different parameters of water samples in the ponds of the 'Grand marais de la queue' in Blangy-Tronville, Somme, France. Bla_G1 and Bla 6 are the samples 
the closer from the Liparis area 

Sample Date Site Sessio
n 

Season Year Hour pH Dissolved
oxygen_

mg_L 

pc_oxy Condu-
ctivity 
µS_cm 

Tempe-
rature_C 

N 
Kjeldahl_

mg_L 

Nitrates_
mg_l 

Nitrites_
mg_L 

Ortho-
phospha-
tes_mg_L 

Turbidite TAC Carbo-
nates 

Hydro-
geno 

carbo-
nates 

Ca_total 

Bla_G1 12/11/2020 Blangy S1 automne 2021 13h28 na na na 392 12.1 0.7 0 0 0 1.2 16.1 0 196 60.19 

Bla_G2 12/11/2020 Blangy S1 automne 2021 14h11 na na na 392 11 0.6 0 0 0 1.3 16.6 0 203 59.05 

Bla_P1 12/11/2020 Blangy S1 automne 2021 14h20 na na na 396 10.8 0.9 0 0 0 1.2 14.2 0 173 57.7 

Bla_3 12/11/2020 Blangy S1 automne 2021 13h17 na na na 393 11.4 0.7 0 0 0 1.4 16.7 0 204 57.46 

Bla_4 12/11/2020 Blangy S1 automne 2021 13h38 na na na 394 12 0.7 0 0 0 2.2 16.5 0 201 56.56 

Bla_5 12/11/2020 Blangy S1 automne 2021 13h47 na na na 394 11.6 0.8 0 0 0 1.9 16.4 0 200 57.56 

Bla_6 12/11/2020 Blangy S1 automne 2021 13h59 na na na 394 11.4 0.7 0 0 0 1.1 16.2 0 196 58.19 

Bla_G1 06/05/2021 Blangy S2 printemps 2021 12h50 7.95 6.15 57.8 499 12 0.7 0 0 0 1.8 22.6 0 276 79.95 

Bla_G2 06/05/2021 Blangy S2 printemps 2021 12h40 7.94 6.8 66.4 499 13.3 0.7 0.3 0 0 1.9 22.6 0 276 80.44 

Bla_P1 06/05/2021 Blangy S2 printemps 2021 12h25 7.94 6.91 65.9 503 13 0.7 0.3 0 0 3.5 22.9 0 279 79.93 

Bla_4 06/05/2021 Blangy S2 printemps 2021 13h08 7.92 6.56 62.3 496 12.4 0.7 0 0 0 2 22.7 0 277 80.09 

Bla_6 06/05/2021 Blangy S2 printemps 2021 13h25 7.97 6.01 57.5 497 12.9 0.6 0.2 0 0 1.4 22.9 0 279 79.12 

Bla_G1 09/11/2021 Blangy S3 automne 2021 12h49 7.85 6.69 57.7 389 8.8 0.6 0.2 <0,05 <0,4 1.7 16.4 0 200 57.62 

Bla_G2 09/11/2021 Blangy S3 automne 2021 12h30 7.85 5.19 43.7 400 8.2 0.7 0.4 <0,05 <0,4 1.8 16.6 0 203 58.62 

Bla_P1 09/11/2021 Blangy S3 automne 2021 12h15 7.82 4.35 36.4 396 8 0.8 0.3 <0,05 <0,4 2 16.8 0 205 58.83 

Bla_4 09/11/2021 Blangy S3 automne 2021 13h00 7.68 6.14 53.8 394 9.7 0.7 0.1 <0,05 <0,4 4.2 16.4 0 200 58.18 

Bla_6 09/11/2021 Blangy S3 automne 2021 13h17 7.77 5.75 49.5 391 9 0.6 0.5 <0,05 <0,4 1.5 16.6 0 203 59.94 

Bla_G1 12/05/2022 Blangy S4 printemps 2022 12h15 7.9 3.76 41.7 486 20.7 1.1 0.3 <0,05 <0,4 12 21.6 0 263.5 75.47 

Bla_G2 12/05/2022 Blangy S4 printemps 2022 12h27 7.8 3.77 42.3 488 21.7 0.9 <0,1 <0,05 <0,4 4.4 21.4 0 261 75.35 

Bla_P1 12/05/2022 Blangy S4 printemps 2022 12h39 7.76 2.98 34.4 490 22.4 1.1 0.2 <0,05 <0,4 2.6 21.6 0 263.5 74.88 

Bla_4 12/05/2022 Blangy S4 printemps 2022 12h50 7.88 3.58 40 485 20.5 1 0.1 <0,05 <0,4 4.6 20.4 0 249 81.32 

Bla_6 12/05/2022 Blangy S4 printemps 2022 13h05 7.92 3.56 39.5 492 20.6 1 0.2 <0,05 <0,4 3.9 21.8 0 266 81.34 
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Figure S3: Representation of the water level measured on the limnometric scale converted in elevation (m.a.s.l., black line). Each year when the quadrat protocol was performed, the 
distribution of the pseudo-absence quadrats (red) and presence quadrats (blue) were represented. The scale of the ‘density’ axis (top) is fixed, to represent the number of quadrats of each stage 
per year as well as the variance of quadrat hosting L. loeselii individuals. The black dashed line represents the mean ground level of quadrats where at least one individual was observed, around 
24.53 m.a.s.l.. The x-axis covers the whole time span of the study, from 2007 to 2023.  

  


