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Abstract 
 

Breeding populations of the Eurasian Woodcock (Scolopax rusticola) in Switzerland 

are declining for reasons poorly understood. Potential causes for the decline include 

habitat change especially in regard to food and its abundance which was the primary 

focus of this 1-year master thesis.  According to the little literature about woodcock’s 

food, the major part of the food composition consists of earthworms. Therefore, 

confirming that earthworms can also be found in the food composition of woodcocks 

in the Jura Mountains and then investigate their availability throughout woodcock’s 

range are fundamental steps for understanding how food triggers habitat use of 

woodcock in Switzerland. Based on a few fecal samples from trapped birds from the 

Jura Mountains, a qualitative analysis under binocular was conducted and confirmed 

presence of earthworm’s chaetae and thus importance of earthworms as a food 

source. Assuming that earthworms are an important woodcock’s food, environmental 

features correlated to earthworm abundance were then investigated. Results showed 

that pH, soil humidity and soil texture were strongly correlated to earthworm 

abundance while temperature was not significant. A seasonal pattern in earthworm 

abundance was also observed which was likely related to earthworm life cycle traits. 

Furthermore, another analysis demonstrated a strong relationship of earthworm 

abundance with presence of woodcocks in the Jura Mountains. Earthworms might be 

heterogeneously distributed within the soil and woodcocks spend much of their time 

(probably actively feeding) where prey is available. This shows how important soil 

characteristics allowing for high earthworm abundance are for woodcocks during the 

breeding season. Conservations measures should aim at maintaining and creating 

these ideal conditions to halt a further decline of the species in Switzerland. 
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1 INTRODUCTION 

 
1.1 General background of the study 
 

Nowadays, the importance of food availability as the mechanism driving habitat use 

amongst birds is still controversial. In central Europe, home range size of 

Tengmalm’s owl (Aegolius funereus) during breeding is determined by prey 

abundance (Kouba et al. 2017).  In contrast, the abundance of food resource for 

forest passerines was not as important in determining habitat use in the temperate 

subtropical region (Chaplin et al. 2009). The controversial topic has been a focus for 

ornithologists for long time ago, especially when conservation perspectives are 

discussed. One explanation to this could be that population decline of some species 

can be caused by unavailable food resource. Ecological studies addressing such 

questions are challenging since estimating and quantifying food abundance in a wide 

area is a difficult and time consuming task. However, earthworm communities are 

widespread and generally abundant in the soils and different methods are used to 

estimate their population. The Eurasian Woodcock (Scolopax rusticola) tends to 

prefer habitats with specific structure of herbaceous, shrubs and trees stratum in 

Switzerland (Mollet 2015). However, it is yet poorly understood whether earthworm 

availability is also a major habitat characteristic driving its spatial distribution. Hence, 

still little is known about woodcock’s habitat characteristics and more work is needed 

to understand how earthworm availability may impact woodcock’s population. 

A few studies have addressed questions regarding abundance of earthworms 

in Switzerland (Gobat et al. 2003; Ducommun 1989; Matthey et al. 1990; Cuendet et 

al. 1997), but no research has yet focused on the Jura Mountains. Earthworms 

constitute the highest biomass of soil macrofauna (Fragoso and Lavelle 1992), and 

thus represent an important resource for several species of vertebrate’s predator 

(Gobat et al. 2003). However, earthworms are known to be heterogeneously located 

in hotspots (Rossi et al. 1997). Their distribution is related to the soil’s physical 

characteristics and often represent an efficient indicator of pH, soil humidity, soil 

structure and organic compounds (Gobat et al. 2003; Granval and Muys 1997; 

Fragoso and Lavelle 1992). Their importance is shown in driving considerable 

biological, chemical, physical process within the soil (Blouin et al. 2016; Salehi et al. 

2013; Gobat et al. 2003; Jones et al. 1994). Therefore, they play a fundamental role 
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within every ecosystem they occur in by maintaining its biodiversity. As a 

consequence, scarcity of earthworm habitats may seriously impact surrounding 

species in the ecosystem, including associated predators like woodcocks. 

Reportedly, the distribution and populations size of the woodcock in 

Switzerland has declined in the last decades (Brüngger and Estoppey 2008; Mollet 

2015; Knaus et al. 2018). The species disappeared from the Swiss Plateau and from 

the eastern part of the Jura Mountains in the late 80’s (Mollet 2015; Brüngger and 

Estoppey 2008; Schmid et al. 1998), while population in Bois du Jorat in canton of 

Vaud went apparently extinct (Estoppey 2001a). In the Jura Mountains of the canton 

of Neuchâtel, a study that intensively monitored woodcock’s population between 

1998 and 2000 reported an evident desertion of several displaying sites. (Mulhouser 

2002; Mulhouser 2001). These observations justify further investigation of factors 

likely to affect breeding woodcock’s population. In 2015, the Swiss Ornithological 

Institute published a synthesis that gathered current knowledge of the species, gave 

conclusions and highlighted open questions regarding the state of the woodcock in 

Switzerland (Mollet 2015). The synthesis discussed important factors such as hunting 

pressure, disturbance or habitat change, especially in relation to food availability. The 

change in food availability as a potential factor driving woodcock’s decline is yet 

hardly understood and thus more work is needed in this thematic. 

There are only few studies investigating food ecology of woodcocks during the 

breeding period and investigating it is challenging. Ecological studies of the species 

are difficult due to the secretive behavior. Watching a woodcock and identifying its 

prey in the field is even more complex because woodcocks are constantly searching 

for prey by probing the soil with their long beaks. The diversity of prey is hence little 

explored. The anatomy of the bill defines the woodcock as a specialist predator of 

soil macrofauna (Hirons and Bickford-Smith 1983; Whiterby et al. 1940; Steinfatt 

1938). Previous studies typically investigated food items based on stomach content 

from hunted birds (Granval 1988; Granval 1987). In France, based on dead 

specimens, earthworms composed up to 90% of the stomach content (Granval 1988; 

Hirons and Bickford-Smith 1983), representing the most important food for wintering 

woodcocks (Granval and Muys 1992; Granval 1987). Other food items reported by 

the same authors were soil arthropods such as Coleoptera, Dermaptera, Diptera, 

Isopoda and Myriapoda (Granval 1987).  
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In one case, a recent study from the U.K fecal analysis was performed on 

samples collected during breeding time and demonstrated a similar outcome to those 

of wintering birds in France. In their analysis, earthworms, spiders and harvestmen 

were detected, with earthworms depicting by far the most predominant food item in 

terms of biomass (Hoodless and Hirons 2007). Other reports of faeces contents 

include invertebrates such as beetles’ larvae, millipedes, woodlices, butterflies, 

moths, sawflies larvae, ants and flies (Hoodless and Hirons 2007). Hence, according 

to current knowledge, the woodcock must be regarded as an earthworm specialist 

rather than a generalist invertebrate’s predator (Hirons and Johnson 1987; Granval 

1987; Granval and Muys 1992). From Switzerland, there is only anecdotal 

information on food of breeding woodcocks. 

Little is known about the relation between earthworm availability and 

woodcocks. Correlative studies on wintering grounds in France showed that 

woodcock preferred grazed meadow habitat containing five times higher biomass of 

earthworms compared to cultivated fields (Duriez et al. 2005). Less is known about 

the food and its availability on the breeding grounds. As a single case in the Alps of 

Switzerland, a study conducted in a small surface in the forest reserve of Amden 

(canton of St. Gallen) revealed that woodcocks tend to select habitat with high 

biomass of earthworm (Lanz 2008). Although this relation was exhaustive, it is 

nonetheless difficult to separate woodcock presence and absence spots at such a 

small surface without having support of precise telemetry locations. Moreover, the 

importance of earthworm in the diet of the woodcock in the Swiss Alps has as yet not 

been confirmed.  

Interestingly, winter and spring habitats differ strongly, but the question of how 

food items change between winter and spring has not yet been studied. If woodcocks 

change their habitats during the year, they are likely to depend on different 

invertebrate prey spectra between breeding and wintering grounds. Importantly, on 

wintering grounds, woodcocks typically feed at night in the meadows which are the 

richest habitat for earthworms (Edwards 1983), and probably because earthworms 

emerge in higher abundance at night than during daylight (Duriez et al. 2005). 

Conversely, in spring and during breeding time, woodcocks shift feeding to daytime 

in the forest (Brüngger and Estoppey 2008). This change in feeding strategy raises 

questions whether earthworms are as important as suspected for woodcocks 

throughout the whole year. 
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1.2 Focus of this study 
 

Fundamental knowledge of the habitat requirements and especially food availability 

on the breeding grounds remain lacking and needs to be treated as a central 

question if woodcock’s decline wants to understood. Hence, the Federal Office for 

the Environment (FOEN), established in 2014 a national project in order to determine 

reasons of the decline and develop some optimal conservation measures within the 

breeding sites (Gonseth and Bohnenstengel, 2015). Upon request from this national 

project and under supervision of the Swiss Ornithological Institute, the food and its 

availability in the Jura Mountains were explored in this master study. 

The general aim of this study was to clarify woodcock’s food and its 

abundance in the Jura Mountains with a special focus on earthworms. I used a 

correlative approach since experimental manipulations of food availability in the field 

were hardly possible. I looked at abundance of earthworms in relation to 

environmental variables likely important for earthworms and the presence of 

woodcocks. I separated my analyses into several steps (Figure 1). Firstly, I 

investigated qualitatively whether, similar to other study sites, earthworms are 

important prey species of woodcocks during the breeding period. Therefore, I 

observed under a microscope several faeces samples and looked for earthworm’s 

chaetae. This step was needed to know what to sample in the field and how to 

develop the field protocol. Secondly, I investigated how abiotic environmental factors 

such as soil characteristics or date were related to earthworm abundance. 

Importantly, the aim of the study was not to exhaustively determine the ecology of 

earthworms in the Jura Mountains but to investigate their importance and relationship 

to the woodcocks. Finally, I evaluated the probability of woodcock presence in 

relation to earthworm abundance based on samples from within 10 different home 

ranges and control sites outside home ranges. 

I expected that earthworm abundance was an important food of woodcocks 

during the breeding season. Furthermore, I expected that earthworm abundance was 

driven by soil characteristics. Especially, humid soils should harbor high earthworm 

abundance. While for pH, I expected a range of tolerance with an optimum in slightly 

acidic soils. Air temperature was also expected to regulate earthworm presence. 
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Finally, I suspected the abundance of earthworm to be a potential driver of 

woodcock’s distribution in the Jura Mountains. 

 

 

Figure 1: Schema showing two important themes of this study: After confirming direct importance of 
earthworm in the diet under binocular, the first step was to determine environmental variables that 
influence the abundance of earthworms and secondly, the distribution of woodcocks in relations to 
earthworm abundance. 

 

 

2 MATERIALS AND METHODS 

 
2.1 Study Species 
 

The Eurasian Woodcock (Scolopax rusticola Linné, 1758) belongs to shorebirds of 

the order Charadriformes and to the family of Scolopacidae (Del Hoyo et al. 1996). It 

is among the few species of shorebirds that are restricted to forest habitat during 

breeding season (Ferrand and Gosmann 2009; Del Hoyo et al. 1996). It has an 

extremely wide range throughout Eurasia, from Spain including the Acores, to the far-

eastern Asia in Japan and Sakhalin Island (Del Hoyo et al. 1996).  

The Swiss breeding population is estimated between 1000-4000 breeding 

pairs (Knaus et al. 2018). As a short distance migrating bird, woodcocks arrive on 

breeding grounds between March and May and breed until end of August before the 

autumn migration starts in October (Del Hoyo et al. 1996). In Switzerland, the 

species mostly breeds in the western and central part of the Jura mountains, in the 

northern part of the Alpine foothills, in the north of the Grison canton, and locally 

throughout the central part of the Alps (Knaus et al. 2018; Maumary et al. 2007) 

(Figure 2).  

When studying woodcocks, challenges include estimation of the population 

although methods and technology of monitoring have been remarkably improved in 

the last decades (Knaus et al. 2018, Mulhauser and Zimmermann 2015; Mulhauser 

and Zimmermann 2010b; Mulhauser and Zimmermann 2010a; Brüngger and 

Estoppey 2008; Estoppey 2001b; Estoppey 2001a). The estimation of the breeding 
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population is based on counts of displaying males, while female sights remain rare or 

even absent in some sites. (Mollet 2015; Ferrand and Gossmann 2009; Brüngger 

and Estoppey 2008; Mulhauser 2001; Andris and Westermann 2002, Lauer et al. 

2006; Estoppey 2001b; Tester and Watson 1973). 

 

Figure 2: Distribution of the Eurasian Woodcock (Scolopax rusticola) in Switzerland between 2013 
and 2016: Red squares show where woodcocks have been reported by the last Swiss Atlas of 
Breeding Birds 2013-2016. (Knaus et al. 2018). 

 

 

 

2.2 Study Area 
 

The fieldwork was conducted in the Jura Mountains in the canton of Neuchâtel and 

across the border of canton of Vaud. More specifically, the study covered the region 

of la Brévine NE in the northern part, the southern part was delineated from St-Croix 

VD to Mauborget VD, and covered most of the region of Val-de-Travers from 

Noiraigue NE to Butte NE and Les Verrières NE (308.5 Km2). The elevation of the 

study area lay between 754m and 1508m. The landscape is mainly covered by forest 

(51%) and agricultural land (42%). Around 6% is covered by settlement zone and 

human infrastructure. Human population density in the region of Val-de-Travers and 
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the border of canton de Vaud is 86 citizens per km2 while in La Brévine NE it is 15 

citizens per km2.  

 
 

2.3 Groundwork of the study 
 

2.3.1 Capturing, radio tracking and home range definition 
 

My study was integrated into a bigger research project on the woodcock initiated by 

the FOEN. In the framework of this project, woodcocks were captured during evening 

display, measured and equipped with radio telemetry tags in the years 2016 and 

2017 (Rocheteau et al. 2017). Thereafter, birds were followed by a telemetry team 

and located at least every third day. Based on precise location (precision < 50 Meter) 

of the birds, kernel home ranges of 10 woodcock males captured in 2017 were 

calculated (Table 1). Home ranges are defined as the utilization distribution of the 

animal that are regularly crossed during its activities of feeding, mating and caring for 

young (Burt 1943). Woodcock’s home ranges were estimated using the Kernel 

method (Worton 1989; Van Winkle 1975). Kernel calculations allow to separate home 

ranges according to the usage density (Calenge 2006), Hence, we separated each 

home range into their 30% (intense use), 60% (intermediate use) and 95% (low use) 

sections (Figure 3). The sections are defined as the smallest possible areas 

encompassing the respective percentage of telemetry localizations (Calenge 2006).  

 

 
 
Table 1: Table of the 10 individuals including their area of homes-ranges. Ring numbers, age of the 
birds and dates of capture are also given. 
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Figure 3: Map of the study area showing a home range with the different usage densities (30% in 
purple, 60% in green and 95% in blue) of home range sections and earthworms sampling points in 
yellow  
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2.3.2 Woodcock’s food: qualitative approach 
 

Before starting fieldwork, it was important to evaluate and confirm qualitatively what 

food items can be found in faeces of woodcocks in the Jura Mountains. This step 

would allow to develop the further sampling design and field protocols focusing on 

the most relevant prey species.  

To date, several methods were suggested to evaluate food composition of 

birds such as behavioral observation, analysis of stomach contents, emetic 

techniques, pellets and faeces analysis with a microscope or molecular methods 

(Hartley 1948; Pienkowski et al. 1984; Duffy and Jackson 1986; Rosenberg and 

Cooper 1990). Behavioral observations and pellets analysis are commonly used for 

owls and raptors. In Switzerland, a recent observational study on the short-toed 

snake-eagle (Circaetus gallicus) showed that food brought to the nest consist strictly 

of viperidae (Maumary et al. 2013). Similarly, microchiropteran were confirmed in the 

diet of little owl in England based on pellet defections (Athene noctua) (Hounsome et 

al. 2004). Behavioral observations and pellets analysis are not suitable for 

woodcocks owing to their secretive behavior (feeding on ground with beak in soil), 

and since woodcocks do not regurgitate pellets. In France, analysis of stomach 

contents of woodcocks is commonly used in specimens collected from hunting 

activities. These analyses gave exhaustive results (see section 1.1; Granval1988; 

Granval 1987). However, in Switzerland hunting is not allowed during the breeding 

seasons, hence no stomach samples were available. It has been shown that emetic 

techniques may provide more information about diet than pellets and fecal analysis 

since stomach contents are less digested and easier to examine (Poulin and 

Lefebvre 1995). However, emetic methods can provoke mortality among birds 

(Rosenberg and Cooper. 1990) and were therefore not taken into consideration. 

Analyzing food content from faeces is relatively convenient since samples can be 

obtained relatively easy. A recent study provided evidence that fecal samples give 

similar information than other methods. (Carlisle and Holberton 2006). However, 

challenges and limitations of fecal analyses are set by the advanced digestion state 

which has to be taken into account. Fecal samples can be either analyzed under 

microscopes or by DNA-based methods (Oehm et al. 2017). DNA-based methods 

are efficient but takes considerable time. Hence, analysis of fecal samples under 

microscope is likely the most suitable and affordable method. In the U.K, analysis 
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under microscope of diet components of woodcocks based on fecal samples already 

showed that it is an efficient method (Hoodless & Hirons 2008).  

Faeces samples were thus collected when woodcocks were captured 

(Rocheteau et al. 2015). More specifically, as soon as one individual was trapped, 

the bird was put into a box containing a protected mesh, with a blotting paper at the 

bottom to collect the faeces samples. Faeces samples were then tried and kept in a 

freezer until analysis in the laboratory. 

Digestive system of several species of birds are not able to decompose 

earthworm’s chaetae which can be used to confirm earthworm presence in the food 

(Wroot 1985; Paris 1914). Chaetae are chitinous epidermal structures found on 

earthworms (Hausen 2005). Hirons (1978) revealed the presence of some 

earthworm’s chaetae in the stomach of woodcocks wintering in France. More 

recently, chaetae were also found in the faeces of the population in the U.K 

(Hoodless and Hirons 2007). 

Woodcocks are well adapted to feed on earthworms and I wanted to see 

whether earthworm’s chaetae can also be found in the faeces from the Jura 

Mountains collected during the breeding period. I also wanted to see whether 

remnants of other prey can be found. Based on these results, I could then develop a 

field sampling protocol. To analyze fecal content, I applied the same protocol 

described by Hoodless and Hirons (2007) in their study. A total of five samples were 

observed under a binocular. Faeces analysis was performed at the University of 

Neuchâtel in the Functional Ecology Laboratory under permission of Professor 

Sergio Rasman, while other examinations of chaetae under microscope were 

performed in the Laboratory of Soil Biodiversity of the University of Neuchâtel. The 

samples were stored in 70% ethanol and components of the faeces were separated 

by size into three different sections with two sieves of 200µm and 50µm. According to 

sieve sizes, larger earthworm’s chaetae are supposed to be found up to 200µm 

(chaetae > 200µm), while small chaetae are normally detected between 200µm and 

50µm (200µm > chaetae > 50µm) (Hoodless and Hirons 2007). If remnants of other 

undigested prey were detected, they were also reported. Further investigation was 

stopped after having collected a total 5 bristles from each of the 5 samples. Since 

only few samples were investigated with this approach, no quantitative analysis was 

performed.  
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2.4 Study design 
 

In the field, I conducted earthworms sampling (hand sorting) in 10 home ranges as 

described below. Each home range was subdivided into three sections in accordance 

with the intensity of use (Kernel estimator of 30%, 60% and 95%). And each of these 

sections include two different sites of sampling (2 sites x 3 sections), making a total 

of six sites within each home range (Figure 4). These presence sites are distributed 

over some of the telemetry localizations. In order to compare earthworm densities of 

presence home ranges with pseudo-absence sites, I additionally sampled sites 

outside of the home ranges. The pseudo-absence sites were randomly distributed 

over the whole study area avoiding all known home ranges and sites that were 

otherwise known to be occupied by woodcocks. In total, I subsampled 60 sites within 

home ranges of 10 individuals and 40 pseudo absence sites outside of the home 

range, making a total of 100 sites (Figure 5). 

Only male woodcocks show active roding behavior (Ferrand & Gossmann 

2009). Since we captured woodcocks during roding periods, we could only capture 

and radio-track male woodcocks (Rocheteau et al. 2015). All my further analyses are 

therefore based on males.  

 
 

Figure 4: Experimental design representing a schematic home range with its surrounding absence 
sites. A home range was separated into three sections of usage density: 30% home range in red, 60% 
home range in orange, 95% home range in yellow. The absence section is in white. 
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Figure 5: Map showing the entire study area, including all sampling sites within the sections (30%, 
60%, 95%) of the home ranges (n=60; red dots) and all absence sampling sites that have been 
studied (n=40; blue dots).  

2.5 Woodcock’s food: quantitative approach 
 

There are three methods commonly used to extract earthworms from soils. Firstly, a 

lethal, and nowadays illegal method in Switzerland, involving formalin extraction to 

provoke emergence of earthworms from the soil (Bouché and Aliaga 1986; Bouché 

and Gardner 1984). Formalin is not only lethal for earthworms but it is also highly 

toxic for nearby plants and soils (Eichinger et al. 2007). Formalin is also known to 

pose considerable health risks to humans (IARC 1995; Fischer 1905). Hence, this 

method was not applicable in this study. Secondly, a mixture of water and Allyl 

Isothiocyanate (active compound of mustard) can be used to extract earthworms 

from soils (Gunn 1992). Unlike formalin, this solution is apparently non-lethal for 

earthworms and non-toxic to humans (Gunn 1992). However, the method needs high 

amounts of water which makes it difficult to apply in challenging terrain. Moreover, 

with both extraction methods, there is a risk that earthworms escape the extraction 

and the quantification may be not precise. Finally, hand sorting is another method 

that is considerably more accurate than extraction, although it takes considerable 

time. As an example, in the U.K, hand sorting emerged 2.09x as many earthworms 
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as the formalin method (Hoodless and Hirons 2007).  Moreover, hand sorting is a 

simple method that does not need a lot of material. Given the advantages, I 

developed a protocol for hand sorting as described below: 

Earthworms are heterogeneously distributed in the soil (Rossi et al. 1997; 

Poiter and Richter 1992). To consider this spatial distribution, it is often advised to 

sample between 3-6 plots at one site (Lee 1985; Duriez et al. 2006). At each site, I 

therefore sampled 5 plots (Figure 6).  As a first step, the exact position of the site 

was reached using a map. This exact position represented the central plot of 

sampling. From this center plot, additional 4 sampling plots were defined in 20 m 

distance north, east, south and west of the center plot. Each plot was defined by a 

0.5cm x 0.5cm = 0.25m² square where hand sorting was performed. 

Overall, a total of 500 plots in 60 presence sites (from 10 home ranges) and 

40 pseudo-absence sites were dug for sampling earthworms. A shovel was used to 

dig the soil. Only the top soil layer of 10 cm depth was sampled which corresponds to 

the length of the woodcock’s bill. The extracted soil was carefully transferred onto a 

tarpaulin (Figure 7a). Hand sorting was then performed by separating earthworms 

from the mixture of the soil by hand (Figure 7b). Finally, earthworms were transferred 

into a jar, they were counted and weighted (Figure 7c) and released into the same 

plot. The volume of soil (0.5m x 0.5m x 0.1m = 0.025m3) dug per plot was maintained 

the same whenever it was possible. If the terrain did not allow to dig this volume, the 

effective volume dug was noted. It was also recorded if terrain conditions did not 

allow digging at all. Thereafter, earthworm quantity was always indicated as 

abundance, i.e. earthworm number divided by soil volume dug. 

My earthworm sampling was restricted to daytime hours between 9:00 to 

16:00 This was justified since woodcocks have been suggested to be active almost 

exclusively during daytime in Switzerland (Brüngger Estoppey 2008). On the other 

hand, earthworms show diurnal activity patterns emerging to the surface at dusk (Lee 

1985) when woodcocks are busy roding. However, in our daytime sampling we found 

reasonable worm densities which did not change considerably throughout the day. 

Hence, our daytime sampling seems representative for worm densities actually 

available to woodcocks. Also, digging was not conducted under harsh weather 

conditions. 

Sampling was randomized as good as possible. I visited one home range 

(including its 6 sites) and 4 absences sites per week, making a total of 10 sites (50 
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plots). The 10 sites were randomly chosen during the week, but not the plots. 

Alternating the plots would have been very time consuming (Table 2).  

Field accommodation and material storage were in Fleurier NE. The Swiss 

Ornithological Institute provided a car during the entire time of the fieldwork which 

allowed to reach every sites in the study area. 

Figure 7a                                        Figure 7b                                        Figure 7c 

         

 
Photos showing the different steps of hand sorting: Figure 7a shows the soil mixture transferred onto 
a tarpaulin with the shovel; Figure 7b shows an earthworm separated from the soil mixture; Figure 7c 
shows earthworms transferred into a jar and ready for biomass measurements. 
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Figure 6: Representation of one site of 28 m
2
 which corresponds to one of the 10 home ranges. 

Absence sites were treated equally. Within each site, there were 5 standardized plots of digging of 
0.25m

2
 with a depth of 10cm. 

 

 

 

 

Table 2: Timetable indicating for each week which sites are due to be dug. Colors indicate sections 
within home ranges (red: 30%; orange: 60%; yellow: 95%) or absence sites (white). A mean of 2 sites 
(2x5 plots) were dug per day, five days per week. 
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2.6 Environmental variables 
 

Distribution and abundance of earthworms in the Jura Mountains likely depend on 

several key factors (Granval and Muys 1997). These presumably important factors 

were measured on each site and are described below: 

 
pH and soil humidity 
Previous studies showed that presence of earthworms is influenced by the soil pH 

(Bhatti 1962; Bachelier 1978) An optimal pH was found for several species (Edwards 

and Bohlen 1996). Most of the species usually occur between pH=5.0 and pH=7.4 

(Satchell 1967). While several species have a tolerance to low pH, most earthworms 

are generally absent from acidic soils (Curry 1998).  

Soil humidity is a key physical characteristic for ensuring the survival and 

activity of the earthworm’s community (Curry 1998, Satchell 1967, Gobat et al. 2003). 

Similar to pH, an optimal range of soil humidity is expected. I used a high quality pH 

and humidity meter developed for gardening (Kelway soil pH and moisture meter), 

which can reliably measure soil pH down to the decimal unit and relative humidity 

down to one percentage. The meter was put into the soil and results were obtained 

within five minutes. 

 
temperature 
Temperature can have an considerable effect on earthworm’s activity (Bouché 1972, 

Satchell 1967). In response to very low temperature, earthworms are able to enter 

into hibernation (Bouché 1972). Air temperature in Celsius C° degree was measured 

using a digital thermometer (Hama model Xavax) at each site. 

 
soil texture 

Previous studies showed that earthworm presence increased with increasing clay 

content. This suggests that physical structure of sandy soil is not favorable for 

earthworm’s movement (Nordström and Rundgren 1974; Satchell 1967). Soil texture 

analysis is done by an examination of size distribution of grains (Gobat et al. 2003). 

Precise quantitative measurements of soil texture require a hydrometer method in the 

laboratory which is time consuming. However, qualitative measurements in the field 

by hand is commonly used for estimating soil texture. For such estimation, I followed 

the protocol described by Gobat et al. (2003), which separate the soil texture in three 

types: sandy soil, loamy soil and clay soil. 
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2.7 Data analysis 
 

Microsoft Excel 2016 © version 2016 was used in order to record field data for later 

analysis. I also used this program to calculate the total abundance and biomass per 

unit volume of earthworms. To compute statistics and generate graphics, the free 

software R (3.5.2) and Rstudio Version 1.1.456 – © 2009-2018 RStudio, Inc. were 

used.  

In a first step, all variables were checked for outliers using histograms, then 

covariance between variables were calculated. Before modelling, all variables were 

standardized so that effects sizes can be easily compared. Mixed-effects models 

were then specified with two aims:  

 

 Modelling earthworm abundance in relation to environmental variables to 

explore how abiotic environmental variables were associated with earthworm 

abundance  

 Modelling woodcock presence in a binomial model in relation to earthworm 

abundance to see whether woodcock presence/absence was associated with 

earthworm abundance.  

 

The 5 sampling plots within each sites were relatively close together which implied 

spatial autocorrelation. I remedied this problem by included “site” as a random factor 

in the mixed effects model. In both models, I included the following 7 variables: soil 

humidity, pH, date, meteo, temperature, soil texture and day timing. To account for 

unimodal effects (optima), I included 2nd order polynomials of the following variables: 

Soil humidity, pH and date. I fitted a first model including all variables and then 

backward eliminated the term showing the lowest significance in an iterative process 

until only significant terms remained. For graphical representation of the results, I 

predicted from the final models including only significant terms by generating 

posterior distributions of all parameters of interest (Gelman & Hill, 2006).  

To check whether earthworm abundance significantly differed between the 

absence sites and the sections of the home ranges (30%, 60%, 95%), a linear model 

was fitted describing earthworm abundance in relation the sections. Here again, I 

controlled for spatial autocorrelation by including “site” as a random effect.   
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3 RESULTS 

 

3.1 Faeces Analysis 
 

Qualitative analysis under binocular confirmed presence of earthworm’s 

chaetae (Figure 8) in the fecal samples. A total of 30 chaetae were found in 5 

samples coming from 5 different individuals. This result highlighted the importance of 

the earthworms in woodcock’s food in the Jura Mountains and justified the 

development of a field protocol focusing specifically on earthworm abundance. 

According to the sieve size, most earthworm’s chaetae were detected in sieve 

up to 200 µm (chaetae > 200 µm) while fewer were found between 200 µm and 50 

µm (200 µm > chaetae > 50 µm). No chaetae were detected under 50 µm (50 µm > 

chaetae). Surprisingly, no other undigested fragments of soil macrofauna were 

detected. A few fragments of plants were present but they were not identified.   

Earthworm’s chaetae or other food items were not counted or quantitatively 

analyzed. 

 

 

Figure 8: A massive earthworm’s chaeta of 500 µm found in a faeces sample. The chaeta, is easily 
identifiable by the sigmoidal and clear appearance and the thicker structure in the middle. This bristle 
came from a sample that was collected on the individual captured on 12.05.2017 at La Rochetta NE.  
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3.2 Environmental variables likely to influence earthworm abundance 
 

Earthworms sampling could be conducted in a total of 488 plots (of an initial target of 

500 according to experimental design). The remaining 12 plots were excluded from 

the analysis due to difficult field conditions such as rocky areas, piles of wood, 

presence of tree stumps, massive presence of roots or spots overlapping with a 

forest road. Furthermore, in 7 cases of the 488 plots, the volume of soil needed to be 

reduced due to difficult terrain. However, earthworm abundance could still be 

calculated since the total volume of the sampled soil was always measured.   

In the environmental variable of soil texture, the two types of soil “loamy soil” 

and “clay soil” were measured, while no sandy soil were reported from the field. 

 

When investigating which explanatory environmental variables are related to 

abundance of earthworm, the final generalized linear mixed-effect model included the 

environmental variables that were significant (Table 3). A significance was found for 

pH and for the optimum effect of pH (Table 3), indicating the highest earthworm 

abundance at around pH of 6 (Figure 9). Soil humidity showed an associated 

optimum with earthworm density between a relative humidity of the soil around 70% 

(Table 2, Figure 10). An optimum was also found for date (Table 3). Earthworm 

abundance increased from April to May and decreased again from mid-May onwards 

(Figure 11). The two types of soil texture “loamy soil” and “clay soil” differed 

significantly in earthworm abundance (Table 3, Figure 12) with the later representing 

the intercept of the model (Table 3). Other variables that showed no significant 

relationship were removed from the final model such as temperature, the optimum 

effect of temperature, day timing with the two levels: morning and afternoon and 

meteo with the two levels: sunny and cloudy. 
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Table 3: Output of the final generalized linear mixed-effect model comparing environmental variables 
to earthworm abundance, including the most important explanatory variables. Estimates, Standard 
errors, t-values and p-values are given for each standardized variables. The intercept refers to soil 
type: Clay 
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Figure 9: Predicted earthworm density in relation to pH as obtained from the final mixed-effect model 
(Table 3). Black points in the background represent raw data of pH; the red line represents the 
prediction line; dashed blue lines represent 95% credible intervals. 

 

 

 

Figure 10: Predicted earthworm density in relation to soil humidity as obtained from the final mixed-
effect model (Table 3). Black points in the background represent raw data of soil humidity; the red line 
represents the prediction line; dashed blue lines represent 95%% credible intervals. 

 

 

 

Figure 11: Predicted earthworm density in relation to the season as obtained from the final mixed-
effect model (Table 3). Black points in the background represent raw sampling dates; the red line 
represents the prediction line; dashed blue lines represent 95%% credible intervals. 

 



 - 25 - 

 

Figure 12: Predicted earthworm density in relation to the soil texture with the latter characterized by 
two levels: clay soil and loamy soil (Table 3). No sandy soil was recorded. Black points in the 
background represent raw data; black bars represent the 95% credible intervals. 

 

 

3.3 Woodcock presence in relation to earthworm abundance 
 

In this part of the analysis, the aim was to analyze how the presence of the 

woodcock was related to the abundance of earthworms. A first overview based on 

the boxplot of raw data hints to an obvious difference with higher abundance of 

earthworms within home range as compared to absence sites (Figure 13). 

Confirmation followed from the generalized linear mixed model showing a strong 

positive relationship between abundance of earthworms and the probability of 

woodcock presence (binomial mixed effect model controlling for spatial 

autocorrelation: (p-value: 2.26E-06; Figure 14). More specifically, areas with 

earthworm abundance higher than 0.8 kg/m3 had a probability of woodcocks being 

present of 0.75 or above.  

For the sections, the boxplot (Figure 15) shows a clear pattern of declining 

earthworm abundance from the 30% (most densely used) section of the home 

ranges to the 60% and 95% home range sections. Absence plots showed lowest 

earthworm abundance. The linear model analysis confirmed significant differences 

between the levels (Table 4). 
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Figure 13: Raw data of earthworm abundance in (Presence) and outside (Absence) of home ranges. 

 

 

 

 

 
 
Figure 14: Predicted probability of woodcock presence in relation to earthworm abundance as 
obtained from the final binomial linear mixed effect model. Black dots show raw data. The blue line 
represents the prediction from the model and the grey surfaces represent the 95% credible interval.  
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Table 4: Output of the linear model comparing % of occupancy in the home range in relation to 
earthworm abundance. Estimates, standard errors, t-values and p-values are given for each variables. 
 

 
 

 

 

 

 

 
 

Figure 15: Boxplot show raw data of earthworm abundance in the three home range sections (30%, 
60% and 95%) and in the absence sites.  
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4 DISCUSSION 

 
In this MSc Study, I investigated what food woodcocks find in the Jura mountains and 

whether earthworms are a substantial part of woodcock’s food. I than sampled 

earthworm abundance in areas where woodcocks were present and compared it with 

areas without any recorded presence of woodcock. Earthworm abundance was 

highest in humid, slightly acidic, clayey soils and woodcocks clearly preferred areas 

with high earthworm abundance. My study gives important insights into types and 

availability of woodcock’s food in the Jura mountains which allows to develop 

measures for conservation.  

 

Analysis of faeces samples under binocular confirmed substantial presence of 

earthworm’s chaetae, highlighting the importance of earthworms as prey item of 

woodcocks in the Jura mountains. All the samples each from a different individual 

contained earthworm remains. Thus, similar to breeding populations in the U.K. 

(Hoodless and Hirons 2007), or wintering birds in France (Granval 1987), the 

breeding population of woodcocks in the Jura Mountains can be regarded as an 

earthworm specialist. This is hardly surprising and supports the notion that 

earthworms are a major food resource of many species of birds (Granval and Aliaga 

1988; Duriez et al. 2006). Woodcock metabolism surely needs high intake of energy 

for activities such as daily roding of males, parental investment for females and two 

migrations a year. To compensate such expense of energy, earthworms seem to be 

a convenient food resource for reasons of quantity and quality. Firstly, an average 

biomass abundance of 0.44kg/m3 was found on 488 sites visited, suggesting a rather 

high availability of earthworm in the Jura Mountains. In comparison, permanent 

grasslands of the Swiss Plateau contained between 0.13 and 0.51kg/m3 (Cuendet et 

al. 1997), while only 0.006 to 0.021kg/m3 were reported from ploughed fields 

(Ducommun 1989). Secondly, earthworms were found to contain a considerable 

amount of proteins and lipids (Guerrero 1981), making them a favorable food 

resource for high metabolic requirements. 

The lack of other soil macrofauna may be explained by the advanced state of 

digestion of certain items, meaning that they were not detectable in the fecal 

samples. Indeed, in contrast to the earthworm’s chaetae which are easy to identify, 

other items might be more degraded and harder to detect. Another reason could be 
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that very few number of samples were explored. It would have been extremely time 

consuming to analyze more samples and search for other preys. The primary aim of 

this study was not a detailed analysis of fecal remains but rather confirming the 

importance of earthworm as woodcock’s prey and quantifying the availability of this 

important prey in the study site throughout the breeding period. 

 

Since earthworms are apparently present in the food of woodcocks in the Jura 

Mountains, it was justified to focus on earthworm abundance and their environmental 

covariates in the field in detail. Earthworms were present in the majority of visited 

sites with 461 sampling squares containing earthworms. They were strictly absent in 

only 27 squares and 24 of them were from very acidic soils with pH<4.8. Hence, most 

soils in the Jura Mountains constitute a favorable environment for earthworms. 

However, there is clear evidence that the abundance was aggregated in respect to 

certain environmental features. Season, soil humidity, pH and soil texture were the 

most important features related to earthworm abundance. This was hardly surprising 

since they were already previously known to play a key role for earthworms 

elsewhere (Granval and Muys 1997; Curry 1995; Daniel 1990; Satchell 1967; 

Nordström and Rundgren 1974). Firstly, in regard to the whole field season, season 

showed a strong importance. The pattern observed showing earthworm abundance 

increasing in spring and later on a decease throughout the season seems to 

correspond to a dynamics of the population that vary in respect to the different steps 

of the life-cycle of earthworms. For instance, the slight increase in abundance from 

April to mid-May is likely to be related to the first half of the life cycle. During early 

spring, earthworm hatchlings start to emerge in large numbers from the cocoons and 

juveniles start growing and quickly increase their body mass (Pelosi 2008; Daniel 

1990). Importantly, it was found that seasonal population abundance of earthworm is 

largely governed by juvenile density whereas abundance of adults stays rather 

constant (Daniel 1990). It is also known that abundance of juvenile L. terrestris 

increase in spring and autumn, but decrease in summer and winter (Daniel 1990). 

This largely corresponds with the second half of the breeding season from mid-May 

to August when a slightly progressive decreasing pattern was observed. It would 

have been interesting to observe if such a decreasing pattern still progresses later in 

the autumn, as earthworm hatchlings are supposed to emerge again in autumn. 
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However, this was not explored here since the aim was to stay focused on the 

breeding season of woodcock. 

Importantly, this seasonal dynamics of earthworm abundance is explained by 

a number of seasonally changing environmental factors modulating the life cycle 

traits (Daniel 1990). For instance, the increase at the beginning of the season 

probably reaches a maximum abundance in Mid-May as intra-specific competition for 

food increased during development of the juveniles. Scarcity of food was found to 

largely slow the different life cycle steps of earthworm owing to intra-specific 

competition in L. terrestris (Daniel 1990), and thus affect the dynamics of the 

population. However, food availability may differ from one place to another, so any 

effects of competition are speculative. The question of the environmental 

circumstances that lead to a decrease of earthworm abundance in the second half of 

the season remains also unanswered, although a few reasons could be suggested. 

For instance, environmental stresses are known to induce earthworm migration to 

more favorable environmental circumstances (Pelosi 2006; Daniel 1990). While 

predation is known to impact earthworm population density (Daniel 1990; Satchell 

1967).  

Given the complexity of underlying earthworm dynamics, it seems hard to 

predict it for the future. Experimental manipulations would be required if one or 

multiple causes should be investigated. There are some models which were created 

to predict earthworm density into the future to sustain agriculture (Pelosi 2006). In a 

similar way, predicting how earthworm density fluctuates in the Jura Mountains 

during the breeding season of woodcocks could certainly reveal some insights on 

food resource as limiting factors for woodcocks. Overall, I suggest that the 

seasonality needs to be taken into consideration but disentangling its effects remains 

difficult. 

Whereas predicting earthworm abundance is out of scope in this study, I found 

some external abiotic factors that proofed to be important for earthworm abundance. 

For instance, soil humidity showed a strong positive correlation with the abundance 

of earthworms. This is hardly surprising since soil humidity is fundamental for the 

physiology of earthworm (Curry 1998; Satchell 1967). Indeed, respiration of 

earthworms is exchanged through some specialized cells on the skin that needs to 

stay constantly moist to enable the permeability of gases (Curry 1998). Hence, they 

need an environment with a certain humidity to prevent that the body dries. 
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Earthworms in the Jura Mountain showed a tolerance range for soil humidity between 

30% and 85%, whereas soil humidity of 60% was optimal. Similarly, earthworms 

tolerated a pH range from pH 4.5 to 7 with an optimum around pH 6. Although I only 

found very few areas with very acidic soils, this results confirms previous findings that 

earthworms tend to favor more neutral soils (Curry 1998, Satchell 1967). 

Moreover, a significance was found for the soil texture and the earthworm 

abundance. This study confirmed that earthworms showed a preference for clay and 

loamy soils similar to what Nordström and Rundgren (1974) found, although I could 

only proceed to a qualitative analysis of soil texture. Importantly, the soil texture has 

an influence on soil hydraulic properties (Gobat et al. 2003). The grain size 

distribution controls the quantity of air and water that a soil can hold. More 

specifically, the difference of rate of sand, loam or clay that a soil contains determine 

the amount of water entering and moving through the soil. A higher rate of loams and 

clays than sands are known to enable the soil to contain considerable moisture 

(Gobat et al. 2003; Nordström and Rundgren 1974). Hence, Jura soil probably stays 

sufficiently humid for earthworms as it contains a certain amount of clays and loams. 

While sandy soils were not found during this fieldwork. 

Surprisingly, temperature did not show any significant relationship to 

earthworm abundance, although temperature is known to be fundamental in 

determining earthworm activity (Satchell 1967). There was no relationship even 

though measurements of temperature were performed 10 times a day from morning 

to late afternoon. Air temperature ranged from 5.5°C to 26.5°C throughout the 

season while the greatest difference of air temperature from morning to afternoon in 

a single day was 6.5°C. Air temperature varied during the whole season and between 

morning and afternoon of the same day, but variation in soil temperature was 

probably less pronounced. The soil likely acted as a thermal buffer reducing the 

variation in soil temperature in the Jura Mountains. Hence, I suggest for next studies 

to measure soil temperature instead of air temperature to control how soil 

temperature varies, and if this variation is related to earthworm abundance.  

Prior to the start of the field work, the question of timing of earthworm 

sampling was repeatedly discussed since earthworms are known to show daily 

migratory patterns (Lee 1985). Thus, I recorded for each sample whether it was 

taken in the morning or in the afternoon. Afternoon samples seemingly revealed 

slightly more earthworms than in the morning, but this differences were not 
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significant. Indeed, an average of abundance of 0.46kg/m3 was measured in the 

afternoons and 0.41kg/m3 during the mornings. To investigate daily dynamics of 

earthworm abundance in more detail, I suggest to spread sampling more thoroughly 

throughout the day and also into night time. Duriez et al. (2006) demonstrated the 

efficiency and relevance of nocturnal sampling earthworms, as it takes into 

consideration both the greater nocturnal activity of worms at night and nocturnal 

foraging activity of wintering woodcocks (average of 0.75 kg/m3 in meadows). Hence, 

a higher density of worms was probably expected if sampling would have been 

performed at night. However, as previously mentioned, my study concerned breeding 

birds and activity changes between breeding and wintering periods. Importantly, if 

woodcocks forage during daytime in the Jura Mountains, diurnal worm availability 

might respond to the food requirements of woodcocks. And the availability I found is 

obviously sufficient to maintain presence of woodcock in the area.  

Finally, there was no significant relationship of the meteo and earthworm 

abundance. Cloudy and sunny measurements did not significantly differ in the 

abundance found. During periods of cloudy days, rain was not necessarily falling. 

Thus, the difference of effect between sunny and cloudy was probably less strong on 

earthworm’s activity and probably depends on rain that falls. This coincide with the 

fact that no sampling was performed during rainy days, although strong rain can 

cause emergence of earthworm near the surface (Pelosi 2008). Hence, a stronger 

relationship would probably be found if sampling was performed under rain. 

Importantly, this reveal the possibility of co-varying environmental factors 

because meteo showed correlations with soil humidity and air temperature. Although 

their effects are hardly disentangled from each other, the fact of adding them all to 

one model made the strongest effect of soil humidity significant, whereas correlated 

and less important effects such as air temperature and meteo did probably not. This 

can be reasons for such unexpected non-significance. The reason why humidity had 

the strongest effect is probably because it was the effect measured with the highest 

precision. Similarly, since soil humidity was highly significant and showed strong 

correlation with temperature, it could be that air temperature is not important as long 

as soils stay humid. 

Overall, there is a diversity of soils and conditions in the Jura mountains 

providing space earthworms in changing abundance. The population is 

heterogeneously distributed in relation to some abiotic factors. Important factors such 
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as pH, soil humidity and soil texture are important and allow predicting earthworm 

abundance in the Jura Mountains. On the other hand, there was a strong seasonal 

dynamic which I cannot fully explain.  

Another central question of my study was whether woodcocks preferred areas with 

high earthworm abundance. Indeed, my analysis showed such a positive relationship 

in 2 levels: Firstly, the presence of woodcocks was more likely in forests where 

earthworm abundance was high and earthworm abundance was lower at the 

absence sites. Secondly, earthworm abundance increased from the periphery of the 

home range, to the central and to the most intensively used core, suggesting that 

woodcocks actively search for sections of high earthworm abundance within their 

home range. These correlative results represent the most important outcome of this 

study since it strongly indicates that food availability is an important driver 

determining woodcock’s habitat selection on breeding grounds. At least, this is the 

case for males of woodcocks. It supports the results found on wintering birds 

showing preference for meadow habitat with the highest earthworm biomass (Duriez 

et al 2005), and confirms that woodcocks actively search and select places with high 

amount of earthworms all-year round.  

Interestingly, this is apparently the case even if woodcock’s feeding strategy 

importantly changes between breeding time and winter. (Brüngger and Estoppey 

2008, Del Hoyo et al. 1996). This lead to a central question of why woodcocks do not 

feed all-year round in meadows (habitat with highest earthworm availability), knowing 

that food is a major habitat characteristic. Indeed, the lower average of earthworm 

abundance I found in the forest compared to what Duriez et al. (2006) found in 

meadows (0.44kg/m3 in forest vs. 0.75kg/m3 in meadows) support this question. 

Whereas it is also known that the Jura Mountains contains meadow soils that attracts 

feeding woodcocks in autumn at night (Rocheteau et al. 2015). The reasons of this 

change in lifestyle are still poorly discussed. It is likely that woodcocks readjust 

feeding strategy not exclusively for the highest earthworm availability, but seemingly 

adapt their search for earthworm hotspots according to other external factors. For 

instance, during crucial time of reproduction in spring, the nocturnal habitat with the 

highest earthworm abundance is probably not sufficient to attract woodcocks since 

investing time in reproduction become more important. Whereas, crepuscular and 

predawn displaying activities probably do not give enough time to feed at night and 

thus constrain woodcocks to forage at daytime. But as reproduction activity still 
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demands considerable energy, woodcocks still actively search for earthworm 

hotspots at daytime. Interchange diurnal or nocturnal foraging strategy may represent 

a compromise between reproduction investment and food availability. In the other 

hand, diurnal habitat with the highest earthworm abundance is probably not sufficient 

to convince woodcocks if there is no cover to protect them against predators 

(Hoodless and Hirons 2007; Duriez et al. 2005; Hirons and Johnson 1987). This 

could explain why they seems prefer to stay foraging in dense forest during breeding 

time rather than going out in meadows. In contrast, out of the breeding season, 

nights probably allow to feed inconspicuously in more open areas (in meadows) with 

the highest food abundance. Shifting by feeding in either forest habitat or in 

meadows represent another trade-off between food availability and predation risks as 

suggested before. Hence, while I confirmed the importance of food availability, I 

suggest to consider the possibility that it is not an exclusive factor driving habitat 

selection of woodcocks and look at whether it is more likely associated with other 

factors such as protection against predators and reproduction investment.  

Although woodcocks regularly change their lifestyle for such speculative 

reasons, it must be overall underlined that woodcocks are clearly selecting and 

favoring areas with high availability of their main food all year-round. In other words, 

earthworms are as important on breeding grounds as they are during winter. It seems 

now clear that earthworms have a major importance in the habitat selection of 

woodcocks and therefore reopens the debate regarding to the controversial topic of 

food as a mechanism driving habitat use in birds.  

Finally, this result can also open discussions regarding woodcock’s decline in 

Switzerland. Scarcity of earthworms as a factor causing the decline could be 

adequately envisaged. Since high earthworm abundance is favored by woodcocks, it 

can be easily assumed that unavailable earthworm may have negative effects on the 

population. This study is not sufficient to figure out direct causality between 

woodcock’s decline and earthworm availability, but the correlative outcomes can be 

seriously used as a predictor. 
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5 CONCLUSION 
 

In summary, the study was conducted in three steps. Firstly, a qualitative analysis 

allowed to detect expected bristles and confirmed that earthworms are part of the 

food of woodcocks in the Jura Mountains. Although this step did not allow to define 

the exact diet of the woodcock, it confirmed for the first time that earthworms depict 

an important prey of the woodcock in Switzerland.  

The second part of the study clarified which of the important environmental 

variables might drive earthworm abundance. The seasonal dynamic of abundance 

was suspected to arise due to some fundamental but unknown external factors 

impacting life cycle traits of earthworms. Determining such environmental factors was 

out of scope in this study as experimental models are needed. But this, in a next 

step, could predict how woodcocks can be exposed to food limitation throughout its 

breeding season. Furthermore, soil humidity, pH, and soil texture (with two levels: 

clay and loamy soil) were correlated to the heterogeneous abundance of earthworm. 

Earthworms show characteristic tolerance ranges in respect to these soil variables 

which apparently is important for woodcock’s distribution.  

Since the woodcock is regarded as an earthworm specialist, the last part of the 

study mainly aimed at the question: do woodcocks actively search sites of high 

earthworm abundance? Indeed, I found a strong relationship of earthworm 

abundance with sites where woodcocks spent most of their time. In other words, sites 

with high abundance of earthworms were more likely to harbor woodcocks. Indeed, 

as it is often the case in ecological studies, I can only show a correlative relationship 

between earthworms and woodcocks. It seems unrealistic to experimentally 

manipulate food abundance to see whether this causally affects woodcocks. On the 

other hand, my results whereas a graduation of few, little and high earthworm 

abundance in the different sections is a very strong indication of causal relationship. 

Hence, this study reveals the possibility of seriously considering earthworm 

abundance as one of the important factor driving habitat selection by woodcock in the 

Jura Mountains. Finally, the study provides additional tools of what to consider in the 

conservation measures to ensure the persistence of the species in Switzerland in the 

future. 
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Conservation perspectives 

Prior to any conservation actions, determining responsible factors causing the 

decline of a species is crucial but challenging. The question whether such decline is 

due to a single factor, multiple factors or due to the interaction of factors surely 

requires intensive investigations. In the case of the woodcock, more work is needed 

to determine the exact factors affecting the population. There are still several 

uncertain parameters to clarify and fundamental understanding of the species in 

Switzerland is lacking. As suggested before (Mollet 2015), other thematic such as the 

development of forest structure, (human) disturbance during the breeding time, 

hunting pressure or increase of natural predation have to be investigated as quickly 

as possible to implement right conservation measures and ensuring the long-term 

persistence of breeding Eurasian Woodcock throughout Switzerland. With such a 

secretive behaviour and a specialist’s lifestyle, forest structure in the Jura Mountains 

certainly play an important role during breeding time. I suggest therefore to invest 

more work to understand the relationship between Eurasian Woodcocks, plant 

communities (habitat/protection) and earthworms (food) in order to initiate and 

develop some optimal conservation properties.  

Nonetheless, results of this study reveal a predominant relation between woodcock’s 

population and the availability of its main food. It also reveals the possibility of 

predicting woodcock presence by mapping earthworm hotspots. We now know that 

these important areas must include certain favorable soil physical conditions I found 

to enable earthworm presence. I also suggest to control the abundance of 

earthworms in region where woodcock is reported extinct. This could reveal insights 

of unavailable food abundance as a cause of population decline. If scarcity of 

earthworm population is found to cause major decline of woodcock population, 

efficient modelling of population dynamics of earthworms has to be investigated. This 

may allow to determine what prevent earthworm communities to sustain in high 

proportion. Then initiate actions to maintain a certain density of earthworm would 

probably allow the woodcock to have again access to sufficient abundance of its 

prey. This, of course, goes along with measures such as protection of humid forest 
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soils by reducing drainage or intensive harvest of wood and increase number of 

protected areas throughout its range. 
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