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Abstract: Soils are an important, but sometimes underappreciated part of the natural world. They perform vital
ecosystem services, namely 1) Primary production 2) Water regulation 3) Climate regulation 4) Habitat
provisioning and 5) Nutrient cycling. These services can compete with one another, and a recent shift in
agriculture has prioritized primary production, leading to a decline in other services. This transition has
coincided with a dramatic decrease in meadow bird populations. This research aims to find out what meadow
bird habitat selection can tell us about the state of the soil-related ecosystem services in that habitat, using a
combination of collected field data, management data and meadow bird nesting data provided by the Bond
Friese Vogelwachten. Using this data, an NMDS is performed to look for patterns. Additionally, a comparison
is performed between the Idzega Skrizekrite and the rest of Southwest Friesland to study the effects of
neighboring fields on habitat selection. This study shows that godwits select fields with lower primary
productivity, but elevated water regulation, climate regulation and habitat provisioning, while oystercatchers
seemed to prefer slightly more intensive fields with a higher abundance of earthworms. No clear signal was
found regarding redshanks, lapwings and skylarks. Lastly, it appears that the local area also has an effect on
habitat selection when comparing fields with similar intensity regarding management, as this was elevated in
the Idzega Skrizekrite compared to the rest of Southwest Friesland.



Introduction: The soil is one of the most
valuable assets of planet Earth, yet
underappreciated (Kraamwinkel et al.,
2021). It is a home for all kinds of life, like
earthworms, nematodes, insects, fungi,
bacteria and much more. In fact, soils are
estimated to contain over 25% of the
world’s biodiversity (FAO, 2020). While
soil life is mostly invisible to us, it has
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Figure 1. An illustration of the way ecosystem services compete, and how they are generally distributed in

2017), mutualism between mycorrhiza ~ common land uses. Retrieved from Schulte et al. (2014)

fungi and plant roots (Wall & Moore,

1999) and soil habitat alteration by vegetation (Yin et al.,
2021). Based on such interactions, one can conclude that soils
are vital part of terrestrial ecosystems. Additionally, the soil
provides humanity with several important ecosystem services
(Haygarth & Ritz, 2009; Schulte et al., 2014).

Ecosystem services are the direct or indirect benefits that
humanity receives from ecosystems (Costanza et al., 1997),
and are increasingly being recognized as an important asset
for humanity. Costanza et al. (1997) estimated the global
value of ecosystem services to be roughly 33.3 trillion dollars
a year, which increased to between 125 and 145 trillion in
2014 (Costanza et al., 2014). While these values are not soil-
specific, they do provide an insight into the importance of
these services and the soil’s ability to provide them.

The soil provides us with several important ecosystem
services. Haygarth and Ritz (2009) proposed a list of 18 soil
related ecosystem services, which were later narrowed down
to five (Schulte et al., 2014): 1) Primary production: This
service refers to the soils ability to facilitate the production of
biomass. The world’s population is predicted to grow from
7.8 billion in 2020, to roughly 9.7 billion in 2050, and 10.9
billion in 2100 (UN, 2019), while humanity depends on the
soil for the vast majority of the food supply (Kopittke, 2019).
2) Water regulation: Soils have the ability to absorb and
store water, while water surpluses can drain away. The water
is also filtered in the process. The top layer loses moisture
through regular evaporation and transpiration, but is kept
moist by the upward movement of stored water from lower
soil layers (Wang et al., 2021). Soils that function well in this
regard protect against drought and flooding alike (Wall et al.,
2020). 3) Climate regulation: Soils have the ability to store
carbon in organic form, which can either accumulate or
oxidize (Clymo et al., 1998). The atmospheric concentration
of greenhouse gasses has been steadily increasing over the
years (Ciais et al., 2013), which soils can help mitigate.
Grasslands and forests are particularly interesting, as they
hold more carbon than arable fields (Poeplau et al., 2011), as
are peat soils, which primarily consist of organic matter and
therefore contain high amounts of carbon (Gorham, 1991). 4)
Habitat for biodiversity: Soils can serve as an important
habitat for both microbial and multicellular life (Decaéns et
al., 2006; Gans et al., 2005). Due to the aforementioned food
web connections with the life above ground (Miyashita et al.,
2003; Onrust & Piersma, 2017), this service is important for
the integrity of entire food webs. 5) Nutrient cycling: This
service refers to the soil’s ability to retain nutrients and enable
the absorption of these by plantlife (Schroder et al., 2016).

These services are all important, and the ideal soil would
function well on all five fronts. However, the provisioning of
these services compete (see figure 1). It has been shown
increased primary productivity and nutrient cycling come at
the cost of biodiversity and habitat provisioning (Vazquez et
al., 2019). Zwetsloot et al. (2019) found that in most
agricultural fields, 2 or 3 of these services were functioning
at a ‘high’ level. They conclude that maximizing all
ecosystem  services is not feasible, and that
optimization/prioritization should be key (Zwetsloot et al.,
2019). This could mean that the provisioning of some of these
services would receive priority over others. Schulte et al.
(2014) present a vision in which these services are increased
without sacrificing other ecosystem services, by tailoring the
management, in the aforementioned ways, specifically to the
local soil’s capacity to provide these services. An individual
soil’s strengths and limitations should thereby both be taken
into account.

Over the last decades, management of grasslands in the
Netherlands has shifted to a system where primary
productivity was prioritized. Between 1995 and 2021, milk
production increased by roughly 26% (Centraal Bureau voor
de Statistiek, 2022). Higher milk production is associated
with larger fields, higher nitrogen input through fertilization
and less grazing by cattle (van Apeldoorn et al., 2013). The
number of dairy farms decreased dramatically, a trend that
continues today. Between 2000 and 2021, the total number of
dairy farms in the Netherlands declined by roughly 50%, yet
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Figure 2: Trendlines showing the indexed declines of the black-tailed
godwit (darkred), lapwing (red), oystercatcher (orange), redshank
(darkblue) and skylark (darkgreen). Data: (Sovon Vogelonderzoek,
2020).



the amount of animals did not decrease, leading to a near
doubling of animals per farm over this period (Agrimatie,
2022). This intensification was made possible by several
changes in the way milk is produced. Between 1950 and
1970, fertilization in the Netherlands increased dramatically,
from an average of 50 kg N per hectare per year, to 400
(Bakker & Barendse, 1999). This has decreased since,
however it remains at higher levels than in 1950, at 115 to
325 kg N per hectare (Agrimatie, 2021), depending on
intensity. The traditional solid cattle manure was replaced
with liquid slurry, applied through slit injection (Onrust &
Piersma). Groundwater tables were lowered, using artificial
drainage through underground piping, replacing the
traditional foot drains, and the previously diverse, herb-rich
plant communities in the meadows were replaced by herb-
poor, Lolium sp. dominated communities (Groen et al., 2012).
These changes together have drastically changed the Dutch
agricultural landscape over the years.

As this transition took place, several species of meadow birds
have seen a dramatic decline in their numbers. The black-
tailed godwit declined from 125.000 breeding pairs in 1960
to 25- t0 27.000 in 2020 (Plantema & Kant, 2021). The Dutch
oystercatcher population has declined by 50% between 1990
and 2011 (Ens et al., 2011). In fact many species of meadow
birds are declining rapidly (Figure 2). As these declines
coincide with a major shift in the breeding habitat of these
meadow birds, the question arises whether the two changes
are connected.

Given the tradeoffs between the services soils provide, solely
prioritizing primary productivity will inevitably lead to a
decline in the ability to perform the other essential services.
Several negative effects on meadow birds have been
observed. It has been shown that godwit chicks catch
significantly less prey in monocultures (Schekkerman &
Beintema, 2007). Earthworms tend to bury deeper in the dryer
soils, making them less available for adult meadow birds,
who, depending on the species, rely on either probing the
ground or their vision to catch them (Onrust et al., 2019).
Since some fields are more suitable habitat than others, we
could expect to see the birds prefer these when selecting their
breeding spot. For example, the black tailed godwit has been
shown to favor grasslands with high herb richness and
groundwater tables with footdrains present for their habitat
selection (Groen et al., 2012; Howison et al., 2018).

Our main study area of Southwest Friesland is a prime
example of the aforementioned transition. While in the past a
hotspot for breeding meadow birds, in 2012 this had changed,
with 80% of the grasslands in this region now consisting of
herb-poor and intensively managed monocultures (Groen et
al., 2012). In recent years, meadow birds have declined in the
study region, although there are still areas where these birds
are present in high numbers (Hooijmeijer et al., 2022). It is
the aim of this project to further increase our understanding
of types of agricultural land management capable of
sustaining meadow bird populations, what drives meadow
birds to select these specific areas and what this selection can
tell us about the state of the soil. We will also check for
differences between the species in regards to their habitat
selection, to see if differing niches come into play. As peat
soils are interesting from a climate perspective, we will look
at these specifically. The following research questions will be
answered:

1: Do meadow birds have a habitat selection preference for
areas with specific profiles of soil related ecosystem services
in peat based permanent grasslands?

2: Are there notable differences between species in their
habitat selection?

3: What management regimes are most conducive to meadow
bird habitat selection, and does management in the
surrounding area affect this?

Our hypothesis is that the findings of this study are largely in
line with Groen et al. (2012) and Howison et al. (2018). This
would mean that the meadow birds primarily will prefer the
more extensively managed fields, be it either nature- or
organic fields. As these papers looked just at the black-tailed
godwit, it will be interesting to see if other species prefer
different types of habitat.

Materials and methods:

Field selection: A total of 30 agricultural fields were selected
in the Dutch province of Friesland. These fields were all
permanent grasslands on peat soil. To make sure all fields
were on peat soils, “Basisregistratic Ondergrond” data from
PDOK was used during field selection, specifically the “BRO
Bodemkaart — Bodemvlakken” map (Ministerie van
Binnenlandse Zaken en Koninkrijkrelaties, n.d.). Also,
multiple types of peat were selected, being formed under
different conditions, with varying thickness of the peat layer
and both with and without a layer of sediment on top. The
next point of selection was Howison et al’s (2018) land use
intensity. This measurement is based on the change in
vegetation height gathered through remote sensing, higher
values are indicative of frequent mowing and rapid grass
growth, and correspond to more intensively managed
grasslands. Four categories were created based on this
measure: nature, low-, medium- and high intensity. Each of
these categories had a representation of six to eight fields.
Another characteristic used for field selection was the
presence/absence of meadow bird nests. The data for this
selection was provided by the Bond Friese VVogelwachten and
consisted of bird nest observations in the year 2021. The
species that were included are the blacktailed godwit (Limosa
limosa), oystercatcher (Haematopus ostralegus), lapwing
(Vanellus vanellus), common redshank (Tringa totanus) and
Eurasian skylark (Alauda arvensis). These birds have all been
in decline, but are still quite common, and therefore should
provide data that is not too sparse. Half of the fields included
in this research had at least 1 bird nest in 2021

Sampling: When sampling a field, first a transect was used to
measure basic environmental parameters with high spatial
variability. This transect ran from the edge towards the center
of the field and consisted of ten sampling points which were
two meters apart. The measurements taken on the transect
were vegetation height, sward density, penetration resistance
and soil moisture. Using a tape measure, the vegetation height
was measured using the tallest blade of grass at the measuring
point. Sward density was measured simultaneously, by
assessing the length of the tape measure that was fully
obscured by the vegetation. Penetration resistance was
measured using an Eijkelkamp hand penetrometer, included
in the Handpenetrometerset IB. The 100N spring was used for
all fields, and for most fields combined with the 0.5 cm?2 tip.
If the 0.25cm2 tip was used, this was documented in the field.



Multiplying the measurement by the factors specified in the
official manual, the penetration resistance could be
calculated. Soil moisture was measured using an Eijkelkamp
Soil moisture meter HH2 attached to a Dynamax ML3
ThetaProbe sensor. As these measurements were repeated
often, both the average and standard deviation could be used.

For the more advanced and time consuming measurements,
two sampling sites were selected, one at the edge of the field
and one more than 25 meters from the first, towards the center
of the field. The measurements taken on the transect were also
repeated once per site.

CO2 emissions were measured at the two sampling sites. This
was done using a Vaisala CARBOCAP® Carbon Dioxide
Probe GMP343, connected to a Vaisala MI170 Hand-Held
Measurement Indicator. The probe was inserted into a closed
off perspex chamber which was then placed on the ground.
This chamber had a length and width of 25 centimeters and a
height of 15 centimeters. A small fan on the inside of the
chamber ensured mixing of air on the inside. The chamber
was covered with a blanket to ensure the removal of
photosynthesis as a disturbance. The MI70 device then
recorded a data point every 5, 15 or 30 seconds (depending
on memory availability) for 15 minutes. The method of
sealing the chamber was changed during the fieldwork. For
the first nine fields, the chamber was placed on a piece of
ground selected to be as flat as possible, then pressing down
on the chamber and filling in potential holes to ensure a seal.
This method was changed from field number ten to include
shallow cutting into the ground in the shape of the chamber,
no deeper than 1.5 centimeters. This change was primarily a
timesaver, as some fields could be rather uneven, it should not
have influenced the results.

Water infiltration was measured using two PV C rings and two
water bottles. This measurement was performed twice per
field, both times at a sampling site. The inner, smaller ring
had an inner diameter of 10,3 cm, was 15,1 cm tall and
featured a sharpened bottom. The outer, larger ring had an
inner diameter of 19,5 cm and was 20,0 cm tall. The spot was
selected by throwing the inner ring from the measuring site in
a random direction, usually ending up between two and four
meters away. If it landed on an undisturbed spot it was
selected, as stepping on it might influence the results. The
inner ring was first inserted into the ground, up to a depth of
around 5 cm. The sharpened lower end was used to cut into
the ground, if this wasn’t sufficient standing on the ring was
permitted. The same was done for the outer ring, only more
force was permitted while inserting it. Then the outer ring was
filled with water, this to rule out lateral water flow as a
confounding factor. Afterwards the inner ring could be filled
and a timer was started the moment water hit the ground.
Lastly the outer ring was covered with an object to rule out
any influence from evaporation or rain on the data. The
measurement ended after a minimum of 30 minutes had
passed, unless the water drained rapidly, in which case it
ended when the water level came too close to the ground for
a reliable measurement, at a distance traveled of eight
centimeters. The infiltration rate was calculated by dividing
the distance in centimeters by the elapsed time in hours.

Vegetation composition was measured with 50cm by 50cm
square plots. The plot was selected by throwing a thumbstick
over the shoulder from the sampling site, using the end
furthest away as the first corner of the plot. The next two

corners were placed at a 50 cm distance from the first, at a 90
degree angle, followed by the fourth, creating a square. The
orientation of the plot was predetermined before throwing the
thumbstick, to eliminate potential bias. Afterwards the plot
was searched for different species of plants and their cover
was estimated, including the surface area of bare soil.
Unknown species were numbered and saved in an herbarium,
to be identified later. The amount of herb species, plus the
cover of herbs, grasses, sedges, rushes and moss were
determined afterwards.

The soil profile was taken using an auger with a maximum
length of 127 cm and maximum width of 6 cm. A hole was
drilled using the auger and the drilled up soil was then laid
out along a tape measure. The different soil layers were
described in detail and their upper and lower depth were noted
down. While taking the soil profile, the rooting depth was
reported as the depth of the lowest point at which roots were
still present. The groundwater level was documented as the
depth below surface at which water started to immediately
form a small puddle in the hole drilled with the auger.. If no
groundwater was reached, it was assumed to be just out of
reach at 135 centimeters. Sediment cover was defined as the
amount of sediment on top of the peat in centimeters. In the
case of uncovered peat, this was 0.

During the fieldwork several soil samples were taken to later
on be examined in the lab. A large core was used for the larger
samples, measuring 9,3 centimeters in diameter and 25,1
centimeters in height. However, only the top 10 centimeters
of soil were sampled. This core was used at both sampling
sites and the samples were combined into composite samples.
These samples consisted of a large chemical sample
consisting of two whole cores, a pot worm sample and a micro
arthropod sample, both consisting of two quarters of a core.

To determine the dry bulk density, smaller rings were used.
These measured 5,0 centimeters in diameter and 5,2
centimeters in height. One of these samples was taken at both
sampling sites, and they were kept separate. This same
sample was also used for determining soil organic matter, pH
and salinity.

For the sampling of nematodes, grain-size and the fungal &
bacterial biomass (FBB), an Eijkelkamp
“graszodenmonsterboor” with a sampling length of 10
centimeters was used. It consisted of a small core connected
to a collection cup. This device could be inserted into the
ground repeatedly, taking a small core each time and
collecting them in the cup. For the nematodes, 10 subsamples
were taken along the transect, and 5 at both sampling sites, 20
in total. For grainsize and FBB, 3 samples for each were taken
at both sampling sites, 6 in total for both. For each
measurement, the subsamples were combined into one
composite sample.

Earthworms were sampled at six sampling sites instead of
two. All six sites were located at distances greater than 25
meters from each other. At these sites, a square chunk of soil
was extracted with a spade. The chunk measured 17cm in
height and width, and 20cm in depth. This chunk was then
carefully searched for earthworms. These earthworms were
kept in plastic containers and submerged in methylated spirit
(85% ethanol, 3% methanol, 1% acetone & 1% pyridine), to
later on be identified and weighed.



Grass samples were collected by cutting grass swards with a
knife, leaving out any roots or dead matter. Other plant
species that were collected accidentally were left in. A
minimum of 10 grams of dry weight was collected per field.
A sample was collected at both sampling sites, which were
combined into one. These samples were put into a paper
envelope and dried in a stove at 70 degrees Celsius for 24
hours. They were weighed before and after, to then be stored
in a plastic bag at room temperature.

After the samples were collected in the field, they were put in
a cool box for transportation, and subsequently stored in a
cool room at 7 degrees Celsius. All samples were sealed in
plastic bags. Only the fungal:bacterial biomass sample was
sieved through a sieve with 1 mm mesh size and frozen (-
10C) the same day in the lab.

Lab analyses: Due to unforeseen delays in the lab, it was not
possible to perform all the planned upon lab analyses within
the restricted timeframe of this master project. As such, we
did not manage to finalize the identification and counting of
pot worms, nematodes and micro arthropods and perform the
grainsize analysis and the elemental and nutrient related (for
both grass and soil) analyses on time to be included in this
report. Results of these analyses will be presented in the near
future (Kraamwinkel et al., upcoming publication).

Dry bulk density (DBD) was determined for both sampling
sites separately. This was done by drying the contents of one
small ring in ceramic cups, using an oven set at 60 degrees
Celsius for roughly 24 hours. After determining that was not
enough, the temperature was increased to 70 degrees for
another 18 hours. They were weighed before and after, and a
correction was made for the weight of the ceramic cup. To
attain the field value, the results were averaged, using the raw
weight, as the volume was constant. After the dry-weight of
both subsamples was determined the subsamples where
combined into one composite sample, ground to powder in a
grinder and stored in a small plastic container pending further
analysis.

Organic matter content was analyzed using 10 grams of the
powdered sample. These samples were burned in an oven.
The temperature ramped from 20 to 500 degrees Celsius over
3 hours, and stayed at 500 degrees for four hours afterwards.
The samples were weighed before and after drying, correcting
for the weight of the cups. The percentage of organic matter
could be calculated using the difference in weight.

PH and salinity were measured using 50 grams of powdered
soil. This was mixed with 150 milliliters of demineralized
water in large glass bottles. These bottles were then mixed for
three hours in a mixing machine. The content of the bottles
was filtered using standard filtration paper. PH was measured
with a Metrohm Herisau pH-Meter E512, whereas salinity
was measured using a HANNA instruments HI2300
EC/TDS/NaCl Meter. The probes were rinsed twice with
distilled water and dried using a clean paper towel after each
measurement. The raw values from the instruments were used
for the data analysis, no transformation was done.

Fungal and bacterial biomass were determined in the lab
using a PFLA (phospholipid fatty acids) technique. With this
technique, markers are used to stain the fatty acids in lipid
membranes of bacteria and fungi, each marker used for a
different type of organism. This analysis can distinguish

between gram positive bacteria, gram negative bacteria,
actinomycetota and fungi.

Bird data: Bird nesting data was provided by the Bond Friese
Vogelwachten, an organization of volunteers who collect this
data throughout the province of Friesland. It consists of
nesting data for the years 2015 to 2021, a total of seven years.
The birds selected include the blacktailed godwit (Limosa
limosa), oystercatcher (Haematopus ostralegus), lapwing
(Vanellus vanellus), common redshank (Tringa totanus) and
Eurasian skylark (Alauda arvensis). These birds were
selected as these are still quite prevalent, and data collected
on them is less likely to be sparse. This data was provided in
a shapefile for the 30 selected fields, including a 1 kilometer
buffer zone around them. It includes a point for every nest
observation, along with the year, species and nesting success.
Using the “Count points in polygon” tool in QGIS 3.8.2, the
amount of nests per field could be extracted by species. The
density was then calculated using the (ellipsoidal) area in
hectares extracted from QGIS, resulting in the number of
nests per hectare, totaled over seven years.

Additional data: Controlling variables were introduced into
the analysis. Firstly, to control for seasonal effects and
potential improvements in the fieldwork with time, the julian
date was added. Additionally, the daily temperature and
rainfall were gathered (KNMI, 2022). For this, two weather
stations were used: Stavoren and Leeuwarden, depending on
which was closer to the examined field.

Missing data: Data points were not available regarding the
penetration pressure (4x) and soil moisture (2x) due to a lack
of equipment. Additionally, regarding the fungal and
bacterial biomass, three fields were missing, one sample
failed and two samples were not done in time. The penetration
pressure and data regarding the fungal and bacterial biomass
was filled in with the median value. The soil moisture was
calculated using a linear model based on the correlation with
the reduction in weight (%) when drying the DBD samples,
see Appendix 2.

Management data: In order to find out how the examined
grasslands were managed by the farmers, interviews were
conducted. The questions asked regarded grazing pressure,
mowing frequency, dry matter yield, management type, pest
control & herbicide use, fertilizer application, amount and
type, irrigation type, drainage type, plowing regime and
liming regime. For the calculation of stocking rates, cows
counted as 1, sheep counted as 0.17, calves and lambs
counted as half an adult (Dubeux & Sollenberger, 2020).
Total fertilizer use per hectare was either given or calculated
using N/hectare (Koch Eurolab, n.d.).

Categorical data: Out of the management data, several
categories were selected: Management regime (nature,
organic, conventional), Fertilizer regime (manure, slurry,
artificial fertilizer, none, slurry+artificial fertilizer), Drainage
type (pipes present/absent), Grazing intensity (low, medium,
high) and pest control methods (mechanical, chemical, none,
mechanical+chemical). Additionally, the fields were also
divided based on whether the peat was covered by sediment.

Data analysis: The data collected was analyzed using R 4.1.2
(R Core Team, 2021). Using the readx| package (Wickham &
Bryan, 2019), the data was read, after which it was sorted,
combined and summarized using the tidyverse package



Penetration pressure CV
Dry bulk density

Calculated from field measurement
Lab measurement

Ecosystem services Data origin Unit
Measured variable
Primary productivity
Fertilizer input Management interview Tonnes/hectare
Stocking rate Management interview Animals/hectare
Mowing frequency Management interview Times/year
Grazing months Management interview Months/year
Vegetation height Field measurement Cm
Vegetation density Calculated: Sward density/vegetation height %
Land-use intensity Provided (Howison et al., 2018) SDCSAR
Water regulation
Soil moisture Field measurement %
Soil moisture CV Calculated from field measurement %
Infiltration rate Field measurement Cm/hour
Groundwater depth Field measurement Cm
Salinity Lab measurement uS/ecm
PH (also for habitat for biodiversity) Lab measurement -
Penetration pressure Field measurement N/cm2

%
Grams/sample

Climate regulation

CO; flux Field measurement mmol/m?/s
Organic matter content Lab measurement %
Habitat for biodiversity
Herb species Field measurement n
Herb cover Field measurement %
Grass cover Field measurement %
Rooting depth Field measurement Cm

Microbial biomass
Fungal:bacterial ratio
\Worm species

Worm abundance

Red worm percentage
Adult worms percentage
Vegetation height CV

Lab measurement

Lab measurement

Field measurement

Field measurement

Field measurement

Field measurement

Calculated from field measurement

Nanomolar/gram
Ratio

n

n

%

%

%

Rest (categorical)
Fertilizer type
Fertilizer application
Management regime
Drainage type
Sediment cover

Management interview
Management interview
Management interview
Management interview
Field measurement

Manure/slurry/Avrtificial
Surface/injection
Nature/organic/Conventional
Pipes/ditches

Yes/no

Table 1: A summary of all measured, derived and inquired variables that went into the model, grouped by respective function

(Wickham et al., 2019). Using the vegan package (Oksanen
et al., 2020) a Non-metric Multidimensional Scaling analysis
was performed. This analysis compresses a large amount of
measurements into a small number of dimensions, and shows
associations as clusters of measurements or sites in the
process. This NMDS contained three dimensions. The
Hellinger transformation was used from the Labdsv package
(Roberts, 2019). Before running the NMDS, the seed was set
at 967, which was generated by a random number generator.
The grid package (R Core Team, 2021) was used for
combining plots into one.

Infiltration rate was root transformed an additional time.
Microbial biomass was adjusted from Pico molar to Nano
molar. The measured data was used first to construct the plot.
The bird data and controlling variables were passively plotted
as vectors on top. During the analysis, the NMDS coordinates
were exported to an excelfile using the writexl package
(Ooms, 2021).

To give an estimate on the functioning of the ecosystem
services, the measurements were grouped into categories
belonging to a given function (table 1). As the only available
data regarding nutrient cycling (5) involved nutrient input and
was lacking data regarding the liberation, leaching and uptake
of these nutrients, this service could not be examined
accurately.

For the categorical data, we tested whether the categories’
position on the NMDS was statistically significantly
different. First, a “Permutational Multivariate Analysis of

Variance Using Distance Matrices” analysis was performed.
A seed was set at 1 for reproducibility, as results vary from
run to run otherwise. This analysis assumes that variances
between the different groups are similar, therefore this had to
be tested using a ‘“Multivariate homogeneity of groups
dispersions” analysis. Both these analyses were part of the
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Figure 3: Map of the two areas compared. On the right the Skrizekrite
(IDZ) area in green, and on the left the other areas in Southwest
Friesland (SWF). Made in QGIS using an Esri Topo map.



vegan package (Oksanen et al., 2020). Categories resulting in
a p value of <0.05 in the first test and a p value of >0.05 in
the second test were selected for plotting. The NMDS
coordinates of the sites were exported to a table, after which
ggplot (Wickham et al., 2019) was used to plot the individual
sites. These sites could then be colored according to the
categorical values.

Area comparison: To study how birds respond in their field
selection to management in the surrounding area, two
different areas within Southwest Friesland were compared
(see figure 3). The first area (green) encompasses the villages
of Oudega, ldzega and Gaastmeer. This area is called the
Skriezekrite ldzega. The majority of the farmers in this area
are part of the farmer’s collective Sudwestkust and have
adopted more nature inclusive, meadow bird friendly farming
(VVV Waterland van Friesland, n.d.). The second area (blue)
runs from Makkum to It Heidenskip. No such agreement
exists in this area. Both areas contained 13 sampled fields.

For this analysis, bufferzones were constructed in QGIS 3.8.2
measuring one kilometer in radius around the field borders,
using the “Buffer” tool. Using the “Clip” tool, the fields
overlapping with the border of the bufferzone were cut, as
bird data was not available outside of these zones. To avoid
artificially low- and high densities, fields left with a QGIS
derived area value (ellipsoidal) of less than one hectare were
removed using the “Extract by attribute” tool. Next, non-
grasslands and dikes were excluded from the analysis. After
this, 203 fields were left in the Skriezekrite, and 373 in the
western area. The land-use intensity variable by Howison et
al. (2018) was then rounded off to two decimals, after which
the unique values that remained were used as categories
(three decimals led to too many n=1 categories). This was
done to ensure that fields with similar mowing- and fertilizing
regimes were compared with each other, to truly capture the
effect of the surrounding area. The bird densities were then
averaged across these categories, and standard errors were
calculated. T-tests were performed between the two areas for
every combination of species and land use intensity category,
after which the results were plotted using ggplot (Wickham et
al., 2019), including significance scores from the t-tests.
Using the grid package (R Core Team, 2021), these plots were
combined. T-test could not be performed for land use
intensities of 0.05, 0.06, 0.18 and >0.20 due to too few fields
within these categories. To potentially pick up signals within
these zones of land use intensity, two additional t-tests were
performed for multiple categories added together, one for
low, 0.05-0.07, and one for high, 0.18-0.30.
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Figure 4: Three dimensional NMDS showing the position of the environmental variables as points, and bird densities (brown), management parameters
(blue) and controlling variables (grey) as vectors. Left: dimensions 1 and 2. Right, dimensions 1 and 3. Stress = 0.1060. VVector lengths have been scaled
down to make them fit in the plot; 3x (birds & control vectors) 4x (management vectors). Seed set at 967. For the variable coordinates, see Appendix 3.

Results:

For the years 2015 to 2021, a total of 187 godwit nests were
present in 20 out of 30 fields. 36 skylark nests were observed
on 12 fields out of 30. 41 oystercatcher nests were observed
on 13 fields. 103 redshank nests were present in 16 of the
fields, and 154 lapwing nests were present in 11 fields. The
distributions of these nests are shown in figure 5.
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Figure 5. Bar graph showing the distribution of bird nest densities by

species in nests/ha over 7 years
NMDS: The non-metric multidimensional scaling analysis
(figure 4) provided a stress level of 0.1060 at 3 dimensions,
which can be considered a good fit. Out of the bird densities,
only the godwit- and oystercatcher densities were explained
well by the NMDS axes. Skylark and redshank densities were
poorly explained by the axes, and lapwing densities were
extremely poorly explained. All management parameters
were significantly explained by the axes, as were the
controlling variables date and temperature. Rainfall did not
correlate significantly to the axes. See table 2.

NMDS1 NMDS2 NMDS3 R2 P-value
Bird densities:
Godwit density -0.74378 | 0.66083 0.10045 0.3762 | 0.002997 **
Skylark density -0.39560 | 0.50920 0.76434 0.1975 | 0.113886
Oystercatcher density | 0.05617 0.46625 0.88287 0.2506 | 0.046953 *
Redshank density -0.31162 | 0.80684 0.50190 0.2087 | 0.107892
Lapwing density -0.02582 | 0.25383 -0.96691 | 0.0156 | 0.943057
Management:
Stocking rate 0.49305 -0.09549 | -0.86474 | 0.4105 | 0.008991 **
Mowing frequency 0.72860 0.62013 0.29083 0.3617 | 0.018981 *
Grazing months -0.75225 | 0.52610 0.39666 0.3441 | 0.015984 *
Fertilizer input 0.92086 -0.17648 | 0.34766 0.7676 | 0.000999 ***
Controlling variables:
Date 0.20496 0.05666 -0.97713 | 0.5729 | 0.000999 ***
Rainfall -0.24368 | -0.05810 | -0.96811 | 0.2422 | 0.054945.
Temperature 0.52022 0.44755 -0.72737 | 0.3111 | 0.013986 *

Table 2: Raw results from fitting the bird densities, management parameters
and controlling variables to the NMDS, using 1000 permutations.

Analysis of management and soil categories yielded the
results in table 3. Out of these categories, significant
differences were found within them for management type
(nature, organic & conventional, see figure 7), fertilizer type
(none, manure, slurry, artificial fertilizer and combinations of
these, see figure 6) and application (none, surface or injection,
see figure 6), drainage type (pipes or ditches, see figure 8) and
sediment cover (yes or no, see figure 9). Table 4 shows the
results of pairwise comparisons within variables consisting of
more than two categories.

Variable adonis() betadisper()

R2 P P
Management type | 0.28175 0.001 *** 0.06112.
Fertilizer type 0.28713 0.001 *** 0.05183.
Drainage type 0.14680 0.001 *** 0.2014
Grazing intensity 0.15630 0.066 . 0.00005254 ***
Pest/Herb control 0.14612 0.099. 0.02414 *
Sediment cover 0.17581 0.001 *** 0.4703
Fertilizer 0.27167 0.001 *** 0.4605

Table 3. Results of the Permutational Multivariate Analysis of Variance
Using Distance Matrices (Adonis, seed = 1, permutations = 999) and the
Multivariate homogeneity of groups dispersions (betadisper) analysis.
Results with P<0.05 for the first test and P>0.05 for the second test were
considered statistically significantly different
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Table 4. Results of the pairwise Permutational Multivariate Analysis of
Variance Using Distance Matrices (Adonis: seed = 1, permutations =
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Figure 6. Ordination plots showing the sampled fields, colored by the type of fertilizer used, and shaped according to application method, with dimensions 1
and 2 on the left, and dimensions 1 and 3 on the right. Included are the vectors regarding bird densities and continuous management parameters, scaled
down to fit in the plot (bird vectors: 4x, management vectors: 6x). Fields that used manure and fields that used slurry did not significantly differ from each
other, but fields using both slurry and artificial fertilizer did significantly differ from both the slurry group and manure group. The groups are outlined with
a polygon of the same color. For application, injection (dotted line) differed significantly from surface application (dashed line) and no application (no line).
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Vector results: Most of the bird species’ distribution were
seemingly poorly explained by the measured variables in the
NMDS (see table 2). The lapwings especially, did not show
any significant signal when it came to the measured variables.
Skylarks and redshanks did appear to show a signal, but this
signal was not significant. The only birds that did show a
significant signal were the black-tailed godwit and the
oystercatcher.

Godwit habitat selection appears to favor organic or nature
fields over conventional fields. They did appear to select
against fields with artificial fertilizer, without making a
distinction between slurry and manure. There was a
distinction between fields using surface application, and
fields using (semi)injection methods. A slight preference was
seen for uncovered peat fields.

(1) In regards to primary productivity, godwit nests seem to
indicate low total fertilizer input, lower stocking rates, longer
periods of grazing, and lower vegetation. Slightly negative
correlations were seen regarding land-use intensity (Howison
et al., 2018) and mowing frequency. Vegetation density did
not correlate. (2) When it comes to water regulation, godwits
seemed to indicate higher levels of soil moisture with less
variation, lower infiltration rates and higher groundwater
tables and lower penetration pressure with a slightly higher
variation therein. Effects from salinity and dry bulk density
were weak or non-existent. (3) Regarding climate regulation,
godwits indicated lower levels of CO2 emissions, but did not
indicate any specific relationship with organic matter content.
(4) In terms of habitat for biodiversity, godwit habitat
selection appeared to correlate with an increase in herb
species and cover, increased variation in vegetation height,

Sediment cover



Smaller, positive correlations were seen regarding rooting
depth, microbial biomass, the fungal:bacterial ratio, worm
abundance, worm adult percentage and species richness. A
negative correlation was found with the percentage of red
worms.

Oystercatchers habitat selection appeared to favor a
different type of habitat. While they did have a slight
tendency of selecting the same categories as the godwits, they
did not make a strong distinction.

(1) In regards to primary productivity, oystercatcher nests
seem to indicate a small positive correlation with mowing
frequency and grazing months, and a negative correlation
with vegetation density and stocking rates. No other
parameters regarding this service showed a relation. (2)
Regarding water regulation, oystercatchers indicated lower
groundwater, slightly higher soil moisture and slightly
elevated PH, but did not show anything regarding infiltration
rate. They also appear to indicate a small negative association
with penetration pressure. (3) In terms of climate regulation,
oystercatchers did not indicate anything regarding CO;
emissions, but indicated a slightly negative correlation with
organic matter content. (4) When it comes to habitat for
biodiversity, oystercatchers showed no relation with herb
species richness or cover, they showed a negative association
with variation in vegetation height and slightly negative with
microbial biomass. A positive association with the
fungal:bacterial ratio was found.

Area comparison: The Skrizekrite (IDZ) had a mean land-
use intensity of 0.1195 (N = 203, SD = 0.0332), whereas the
rest of Southwest Friesland had a mean land-use intensity of
0.1355 (N = 373, SD = 0.0349). This difference was
significant (p= 9.405e-08).

For godwits, means were consistently higher for the
Skrizekrite (IDZ) for land use intensity (SDCSAR) values
between 0.08 and 0.16. At 0.17, the mean was higher for the
SWEF area. Significantly higher means for IDZ were observed
at SDCSAR =0.09-0.11 and 0.13, with an almost significant
difference at 0.08. One significantly lower mean was found at
SDCSAR =0.17. When it comes to the lapwing, significantly
higher means were observed for IDZ at SDCSAR =0.09, 0.11
and 0.14, and almost significantly higher at SDCSAR = 0.08,
0.12 and 0.15. At SDCSAR = 0.17, the mean was
significantly  higher for SWF. Oystercatchers have
significantly higher means for IDZ at SDCSAR = 0.09 and
0.12, almost significantly higher means for SDCSAR = 0.11
and 0.13, and one nearly significantly lower mean at
SDCSAR = 0.17. Redshanks showed 5 significantly higher
means for IDZ at SDCSAR =0.08, 0.09, 0.11, 0.13, and 0.15.
At SDCSAR = 0.12, IDZ had an almost significantly higher
mean, and at SDCSAR = 0.17 higher for SWF. Skylarks
showed significantly higher means in their density for
SDCSAR values between 0.08 and 0.13, and at 0.14 and 0.15,
this difference was nearly significant. Of the two SDCSAR
groupings, 0.05-0.07 and 0.18 to 0.30, neither showed
statistically significant differences for any bird species. See
figure 10 for visualization, see Appendix 1 for the calculated
p-values.
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Discussion:

Field-level habitat selection: The poor link between the
measured variables and habitat selection by redshanks,
skylarks, and lapwings in particular, may have to do with
sample size, and the way these nests are distributed within the
chosen fields. As can be seen in figure 5, the bird nesting data
contains many zeroes for several species, meaning only a
small amount of fields actually provide the model with a
density value it can use for regression. For example, the
conclusion regarding lapwings is based on 11 fields with
nests. Alternatively, these species may be responding to
variables we have not measured. While no definitive
conclusions can be made regarding differences between most
species, the godwit and oystercatcher can be compared. It is
still possible to speculate about potential causes and future
research directions.

When it comes to the services soils provide, godwits seem to
point to soils that function quite well in several aspects of the
following services: (2), water regulation and purification, (3),
climate regulation, and (4), habitat for biodiversity, whereas
(1), primary production, was mostly decreased in the fields
they selected.

The oystercatcher seemed to select a different profile of field
than the godwit, indicating a strong, positive association with
worm abundance and diversity, and a slightly positive
association with the fungal:bacterial biomass ratio and PH.
Here, itis a lot harder to judge at what level certain ecosystem
services are functioning, as the individual characteristics of
these functions are often conflicting. It appears that at least
(4), habitat for biodiversity, is functioning at a higher level,
but differently.

The difference between the species could have a potential
cause in their differing niches. It is known that godwit chicks
rely primarily on above-ground insects that they catch
themselves (Plantema & Kant, 2021), which are associated
with higher amounts of herbs in the field (Haddad et al.,
2001), whereas oystercatcher chicks are for a large part fed
by their parents with earthworms and other ground-dwelling
life (Ens et al., 2011). Another potential cause might be that
the oystercatcher is either less selective or more flexible than
the godwit when it comes to habitat. The latter could be the
case, as several oystercatchers have even started breeding on
rooftops (Ens et al, 2011). However, despite these
differences in preferences, both species are declining at
comparable rates (Sovon VVogelonderzoek, 2020).

Skylarks and redshanks seemed to prefer habitat that lies
somewhere between the preferred habitats of godwits and
oystercatchers, but here, we cannot yet be sure. Additional
research will have to be done to confirm this.

Confounding variables: Rainfall did not significantly
correlate to the NMDS axes, meaning rainfall did not
significantly affect the results of this study. The date and
mean daily temperature did significantly correlate however.
Date only had a strong link with the third axis, which most of
the measured environmental variables did not have, there
could have been a positive effect on the variation in
vegetation height and groundwater depth. Temperature did
have a significant correlation with the axes as well. This
vector does suggest a small, positive effect on the CO2
emissions, which is known in the literature (Fang &

Moncrieff, 2001). These effects, while not crippling, are
important to keep in mind.

Other interesting findings: An odd finding was that in the
30 fields we sampled, the red worm were less represented in
the extensive fields. This goes against what we currently
know  about these worms’ relationship to land-use
(Venderbos et al., 2021). There are three important factors to
consider, the first being that our research only looked at peat
soils, the second that only one of the fields examined had been
plowed in the last five years, with plowing being an important
disturbance for these worms (Venderhos et al., 2021), and the
third being that one of the examined fields, at the bottom of
the NMDS2 axis, only had 7 worms in it, with 6 of them
(85%) being of a red type species. This one field was a
significant outlier and could have skewed the results. These
disclaimers together do put the significance of this finding
into question.

Additionally, dryer fields had significantly higher infiltration
rates, which was expected (Liu et al., 2019). It seems high
infiltration rates are not necessarily a positive in terms of
water regulation. Additionally, more herb rich fields
consistently emitted less CO?.

Area comparison: this analysis yielded interesting results. At
lower land-use intensities (between 0.08 and 0.16), all five
species consistently showed higher mean densities for the
Skrizekrite (IDZ) when compared to the rest of Southwest
Friesland (SWF). These differences were not always
significant, but there are multiple occasions where they are.
For the lower intensities, these differences always mean
higher densities in the Skrizekrite. Significantly higher
densities in SWF were only found at one specific level of
land-use intensity (0.17), at which there were only four fields
in the IDZ area. Given this extremely low sample size, this
difference can’t be used for any concrete conclusions.

While field measurements are not available for all fields
analyzed within the buffer zones, what is available is the land-
use intensity, or SDCSAR (Howison et al., 2018) for every
field, which was significantly lower for the Skrizekrite (IDZ)
area. Our own measured data could not be used as a
representative sample, as the selection within these areas was
not random and therefore not representative of how the areas
are managed as a whole.

As there seems to be a positive effect on the density of
meadow birds at the same land-use intensities, it would seem
that surrounding fields in the area also have an effect on
habitat choice of meadow birds. At high and extremely low
intensities however, we start running into sample size as a
problem, and most fields at SDCSAR values above 0.20 did
not contain any birds. As the two groupings of land-use
intensities did not yield significant differences, no
conclusions can be made regarding the effect of the area on
habitat selection on more intensively managed fields and their
extremely extensive counterparts.

In 1967, MacArthur and Wilson published a theory on island
biogeography, stating, amongst other things, that smaller
islands with lower carrying capacities have a lower likelihood
of sustaining animal populations (MacArthur & Wilson,
1967). Extensively managed fields surrounded by intensive
ones could be viewed as a kind of island. While adult birds
have the option to fly across large distances, their chicks do



not. As chicks can move short distances to neighboring fields,
it is important that these surrounding fields are also suitable
habitat for these chicks. This is something the adult birds may
take into account when selecting their habitat. For their
preservation, it is therefore recommended to extensify large
areas, rather than individual fields.

Disclaimers: It is important to recognize that the bird nesting
data gathered by the Bond Friese VVogelwachten is gathered
by many volunteers across the province. The data gathered
between the two areas are gathered by different observers,
therefore there could be an observer bias. Also, areas known
as bird hotspots are more likely to be watched by observers.
Therefore, absence of meadow birds in the data could be
either actual absence, or not counted. It is not possible to say
if this bias was present, but it is important to be aware of this
possibility. Additionally, the habitat selection of these birds
does not equal breeding success. So while the nesting areas
may be found suitable by the birds, it does not automatically
mean these areas will save these species. Lastly, only five
species of birds were tested. The absence of these species
does not exclude potential value fields have for other species.
For example, two outliers, nature fields found at the bottom
of the NMDS?2 axis, were the only fields where snipes could
be heard during our fieldwork. These disclaimers are
important to take into account.

In conclusion: Answering the first two research questions:
godwits indicate a profile of soil characteristics associated
with extensive use (organic or nature), with decreased
primary productivity, but elevated water regulation, climate
regulation and habitat provisioning for biodiversity. In
regards to management, they are associated with low fertilizer
input, low stocking rate, longer periods of grazing by cattle
and drainage done without underground pipes. The
oystercatcher shows a different preference of habitat,
primarily one with a high abundance of earthworms.
Oystercatchers do not give clear indications as to how most
ecosystem services are functioning, however they do indicate
higher functioning when it comes to biodiversity, only in a
different way than the godwit’s preferred habitat.

Regarding research question 3: in order to protect the black-
tailed godwit, and potentially other species of meadow birds
as well, we recommend the transition to more extensive,
organic agriculture using surface application of manure,
avoiding the use of artificial fertilizer and drainage pipes.
However, transitioning to nature fields, thereby drastically
reducing productivity, does not appear to be necessary for
their protection. The transition to more extensive agriculture
will probably be more effective for meadow bird protection
when applied at a landscape scale, which could be achieved
through farmers’ collectives as is the case in the Skriezekrite.

We hope this research project leads to an increased
understanding regarding the relationship between soil-based
ecosystem services and habitat selection by meadow birds.
We also hope it will lead to interesting conversations with
farmers regarding the protection of meadow birds, and how
that could potentially benefit the long-term health of their
soils.
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Appendix 1: P values regarding the area analysis. Na means a t-test could not be performed due to a lack of

datapoints.
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Appendix 2: A graph of the correction model used for the missing soil moisture datapoints. Intercept: -
15.4246 (P=0.257), slope: 1.5773 (P=7.54e-07).

Soil moisture correction based on sample weight reduction after drying
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Appendix 3: Coordinates of the environmental variables in the NMDS

Variable NMDS1 | NMDS2 | NMDS3
SDCSAR 0,042497 | 0,001042 | 0,009739
Infiltration_rate 0,137421| -0,10022 | -0,02961
Rooting_depth -0,01922|0,018237 | -0,00913
Groundwater_depth 0,0322| -0,04943| -0,06336
CO2_flux 0,217378|0,031436 | -0,01081
Herb_species -0,19821|0,096676 | -0,03132
Herb_cover -0,18658 | 0,068936 | -0,00534
Soil_moisture_avg -0,04868 | 0,035159 | -0,00599
Soil_moisture_CV 0,032034| -0,03457 | -0,03323

Vegetation_height 0,075634 | -0,01438 | -0,02507
Vegetation_height_CV | -0,05967 | 0,034207 | -0,09419

Vegetation_density -0,01379| -0,0016| -0,04706
Penetration_pressure | 0,085069 | -0,06609 | 0,02531
Penetration_CV -0,04044 | -0,00602 | 0,009464
Grass_cover 0,025684 | -0,00073 | -0,00334
Organic_matter % -0,05864 | -0,03814|0,018559
PH 0,005441| 0,01998| -0,00189
Salinity -0,01617 | -0,03609 | 0,040167
Dry_bulk_density 0,054851|0,034395 | -0,02827
Worm_abundance 0,054431|0,132762 | 0,047785
Worm_species 0,004037 | 0,064663 | 0,019183
Worm_adult_% -0,04483 | -0,01778 | -0,01605
Worm_red_% 0,026386| -0,0411|0,015293
Worm_weight_avg 0,007198 | 2,89E-05 | 0,005072
Macrobial_biomass -0,02872 | -0,01047 -0,013

Fungal:Bacterial 0,004736|0,042143 | -0,01391




