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roface

PARTRIDGE was a demonstration project with 13 European partners, 50% co-funded by the
Interreg North Sea Region Programme, which ran from mid-2016 to mid-2023. The project
worked across demonstration areas in five participating countries (two sites in each country:
Belgium - Flanders, England, Germany - Lower Saxony, the Netherlands, and Scotland; Figure
1). Partners from Denmark joined the project in 2019, although there were no project sites
there. For more information about the project please visit northsearegion.eu/partridge.

At each demonstration site, the aim was to increase beneficial habitat to a minimum of 7%.
This was achieved through the implementation of a carefully curated mix of wildlife-
benefitting habitat measures, tailored to aid grey partridge conservation - an umbrella species
for farmland biodiversity and a key indicator of overall farmland ecosystem health. In addition,
we provided supplementary winter food through feeders where possible. Predators were
managed according to the local legislation, wherever feasible.

To demonstrate the effects of these measures on farmland biodiversity, key farmland
biodiversity indicators were monitored at each demonstration site and at nearby, paired
reference sites where no management was in place, using standardised protocols developed
at the beginning of the project by the project monitoring expert team. In this report, we
present the results of monitoring the project’s indicator species: grey partridges, breeding and
overwintering farmland birds, and hares.

Latitude

Longitude

Map 1. Location of the ten demonstration sites spread across the North Sea Region. 1:
Isabellapolder (Belgium); 2: Ramskapelle (Belgium); 3: Burghsluis (The Netherlands), 4: Oude
Doorn (The Netherlands); 5: Diemarden (Germany), 6: Nesselréden (Germany); 7: Whitburgh
(Scotland); 8: Balgonie (Scotland), 9: Rotherfield (England), 10: Loddington (England).


https://northsearegion.eu/partridge/

Executive summary

Farmland birds are in decline in Europe and hence urgent action is needed to halt and reverse
this decline. From mid-2016 to mid-2023, the Interreg PARTRIDGE project, improved the area
of ten 500-hectare farmland demonstration sites - two each in Belgium-Flanders, The
Netherlands, Germany, Scotland, and England - by enhancing existing and creating new
wildlife-benefitting habitats, such as flower blocks with PARTRIDGE wild-bird mixes, and beetle
banks, to levels above 7% of the farmed areas. In addition, we provided supplementary winter
food through feeders, where feasible. The habitat improvements were tailored to our flagship
and farmland biodiversity umbrella species the grey partridge and provided more and better
breeding habitats for a wide range of farmland wildlife in summer, and more food and shelter
overwinter. To demonstrate the expected effects of the project's habitat improvements, we
monitored grey partridges, breeding, and overwintering farmland birds. and hares. To
determine the effect of feeders, we monitored their use by the different species and assessed
the effect of best-practice management.

Our key results show that:

1. significantly more grey partridges were observed in the managed demonstration sites
compared to the reference sites where no or very little habitat management took
place.

2. the number of breeding territories of farmland birds (abundance) and the number of
species (diversity) were higher where the farmland habitat was enhanced with
PARTRIDGE measures. Farmland bird species that live in small-scaled farmland
landscapes with numerous hedgerows, wood edges, orchards benefited the most.
Iconic farmland birds such as yellowhammer (30%), skylark (30%) and grey partridge
(70%) had clearly more breeding territories in our demonstration sites than in the
reference sites.

3. the number of wintering birds (abundance) and the number of wintering species
(diversity) were higher where the farmland habitat was enhanced with wildlife-
benefitting habitats. Birds that rely heavily on seeds during winter benefited the most.

4. increased good quality habitat coverage had a positive impact on local hare
populations.

5. our data showed that when our best-practice guidelines for supplementary winter

feeding were followed, the visits of ‘un-welcome’species, such as rodents, were

strongly reduced. The data also validated our recommendation that the use of feeders
is most important from February through to the end of April.



1 GCeneral introduction

Europe’s farmland has been dramatically transformed by modernisation over the past
century. These changes have increased the efficiency of food production, but they have also
contributed to a widespread decline in ecosystem health, affecting water, air, and soil quality
as well as farmland biodiversity. Across society, this degradation is widely recognised as a
serious problem, through to the highest political levels in Europe. The targets set in the
European Union’s Biodiversity Strategy aim to reverse these declines, with Target 3a
specifically designed to ‘increase the contribution of agriculture to maintaining and enhancing
biodiversity’ (European Commission, 2011). The mid-term review on reaching these targets
(European Commission, 2015) clearly stated that these would not be met by 2020. Therefore,
tested working solutions are urgently needed to ensure that the biodiversity crisis can be
halted at least by 2030.

To demonstrate how farmland biodiversity can be recovered successfully, the Interreg
PARTRIDGE project improved the area of ten 500-hectare farmland demonstration sites - two
each in Belgium-Flanders, The Netherlands, Germany, Scotland and England between mid-
2016 to mid-2023, by enhancing existing and creating new wildlife-benefitting habitats such
as flower blocks with PARTRIDGE wild-bird mixes, and beetle banks to levels above 7% of the
farmed areas (Hubbard et al., 2023). How we did this is covered in detail in our blogs and is
described in our factsheets. Overall, we managed to meet the 7% target set everywhere except
Whitburgh (Scotland). In most areas we achieved more than 10% and in three areas we
exceeded 15% of the demonstration sites (Figure 1.1, Hubbard et al., 2023).
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Figure 1.1. Realised habitat improvement at the PARTRIDGE demonstration sites.

Existing evidence has shown that these habitat improvements provide more and better
breeding habitats in summer, and more food and shelter for the grey partridge, Perdix perdix
overwinter (Brewin et al, 2020). Furthermore, the grey partridge serves as an umbrella species
for farmland biodiversity in general and has been shown to be an indicator for farmland
ecosystem health and it is expected that other farmland biodiversity has benefitted from the
habitat improvements on our demonstration sites (Sotherton et al. 2014, Brewin et al, 2020).
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To demonstrate the effects of the management, key farmland biodiversity indicators were
monitored. In this report we present our monitoring results for grey partridge, breeding and
overwintering farmland birds, and hares. We deployed several monitoring techniques. To
estimate the size of the breeding bird populations, we collected information along line
transect using playback to undertake counts for grey partridges (Chapter 2) and territory
mapping for the other farmland breeding birds (Chapter 4). Breeding success of grey partridge
was assessed by looking for coveys in autumn (Chapter 3). The use of the area in winter by
farmland birds was monitored using point counts (Chapter 5). The wintering hare population
was monitored by lamping along vehicle-driven transects or on counting points (Chapter 6).
To improve overwinter food availability in the demonstration areas, feed barrels were
installed. Camera traps were used to observe the use of these feeders by the different species
present in the area (Chapter 7).

All indicator species were monitored in the demonstration sites and nearby reference sites (at
a 2 - 16 km distance from the demonstration sites). These reference sites were managed in a
‘typical’ way for the region, with no special actions taken by the project to increase biodiversity.
Comparing the monitoring data of the demonstration sites with the corresponding reference
sites allowed us to separate the effects of the habitat enhancement from background
conditions.
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The PARTRIDGE project aimed to demonstrate how habitat measures tailored to grey
partridge conservation management can enhance farmland biodiversity as a whole (we
summarised these requirements based on scientific evidence in our project booklet ‘Farming
with Nature’, Brewin et al., 2020). For this purpose, we carefully curated a mix of management
measures, in particular a PARTRIDGE flower mix. Wherever possible the whole set of measures
were implemented at ten demonstration sites spread across Europe, while the PARTRIDGE
mix was introduced at all sites. The goal of planting this mix was to provide extra safe nesting
cover, food availability and foraging cover for chicks, overwinter food, and protection from
predators.

The grey partridge was chosen as the flagship species of the project due to its significance in
the farmland ecosystem. It serves as an umbrella species for farmland biodiversity and an
indicator of ecosystem health. Where grey partridges thrive, biodiversity is high, and
ecosystem services are intact (Brewin et al., 2020).

To evaluate the effect of our measures on local partridge populations and farmland
biodiversity in general, partridges were closely monitored across the demonstration sites, and
their paired reference sites, where no or very few measures were present (“business as
usual”).

More specifically, information on the abundance of grey partridges was gathered in spring to
address the following research questions:

1) Is the trend in the number of counted partridges per km more positive in the
demonstration sites compared to the reference sites?

2) Is the number of counted partridges per km higher in the demonstration sites
compared to the reference sites by the end of the project?

22 METHOD
221 METHOD SELECTION

Over the years, several methods have been developed to monitor grey partridge populations,
from assessments of whole areas by driving (in four-wheel drive vehicles) across farmland to
"flush counts”, organised across whole areas or in sections of representative farmland, or
point and line transect counts. Driven counts rely on the observation of birds, to identify and
count individuals, pairs and coveys (family groups) - depending on the season. The goal is not
to “flush” the birds but carefully observe them. It is a method commonly used in areas of
farmland dominated by cereal farming - particularly in the UK (Potts, 1986). In contrast to
these driving/observation counts, "flush counts” rely on the observation of partridges as they
are flushed from across an area (total census counts) or subsets of an area (“belt”
assessments) by a line of drivers, either in vehicles or on foot. This method tends to be used
in areas of farmland with more mixed cropping - in France and parts of central Europe (Bro
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et al., 2000 & 2005; Husek et al., 2021; Pepin & Birkan, 1981). Although these methods provide
an absolute number of individuals, they are often extremely labour-intensive and restricted
to easily accessible, open areas.

In more densely vegetated areas, point and line transect methods provide an alternative. Here
partridges are counted from predetermined points or along transects distributed throughout
the area of interest. These counts require fewer personnel overall and are less hindered by
denser vegetation, though can still be hampered by standing crops. In areas where direct
observation of individuals is difficult, due to dense vegetation or behaviour, direct counts are
often replaced (or supplemented) by indirect counting methods. For bird species this is often
through counting bird calls instead of sightings. Grey partridge males demonstrate their
highest vocal/calling activity during spring, when coveys break up and pairs start to form.
Counting male partridge calls in spring has been used frequently for population monitoring in
the past (Panek, 1998; 2006).

These call counts have been increasingly supplemented with the use of playback sounds to
increase detectability (Gottschalk & Beeke, 2014; Jakob et al., 2010; Kasprzykowski et al., 2009;
Pépin & Fouquet, 1992; Schoppers, 1996; Warren et al., 2018). The sound of a calling male
partridge is played to provoke and subsequently count males in the field.

For the PARTRIDGE project, line-transect counting using playback was employed as the
standard monitoring method across the project sites, because all other available methods
were either deemed impractical, too labour intensive or not comparable between our project
sites situated in five different countries. We therefore used playback calls to provoke and
count the number of male partridges along predetermined transects spread throughout the
project areas. This method was deemed most suited as a tool for large-scale monitoring across
different areas that vary in vegetation and partridge density.

222 METHOD DESCRIPTION

See PARTRIDGE monitoring factsheet 'Best practice guidelines for successful grey partridge
monitoring on farmland' on our Webpage: https://northsearegion.eu/partridge/output-

library/.

225  DATA PROCESSING
All statistical analyses were performed in R v.4.3.0 (R Core Team, 2023).

2251 Data preparation

To ensure the comparability of partridge counts across successive years, it was important to
ensure that all designated transects were surveyed during each counting session. This
involved distinguishing between two scenarios: transects where no partridges were counted
(referred to as “true zero counts”) and transects that were skipped due to a lack of observers.
When a transect was completed but no partridges were counted, they were documented as a
"zero count." Conversely, if a transect was skipped, it was explicitly noted as "transect not
done." Counting sessions in which transects were skipped were excluded from subsequent
analyses.

11
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Furthermore, ensuring accurate interpretation and reporting of the field observations was
crucial for the reliability of the collected data. Since the analysis exclusively focused on male
individuals, it was imperative to correctly translate field observations into male partridge
counts. Difficulties often arose when birds were seen but not heard, heard but not seen, or
multiple birds were seen. The rules we used to calculate the number of male partridges
counted is outlined in Table 2.1, based on information provided in the counting form (refer to
Appendix 1) and assumptions discussed in the factsheet (Section 2.2.2). Any discrepancies in
how field data was interpreted or reported were subject to a thorough examination and any
errors were rectified for each counting session.

Table 2.1. Interpretation of partridge spring monitoring field data. Obs_Type = Observation
Type, N/2 = total number recorded (seen or heard), divided by two, 1= rounded up to the
next full number, Ind = individuals.

Type of Interpretation rule N° seen N° N°
observation heard males
SINGLE OBS_TYPE = SINGLE 0 1 1

- 1 male 1 0 1

1 1 1

PAIR OBS_TYPE = PAIR 2 0 1

- 1 male, 1female 2 1 1
COVEY OBS_TYPE = COVEY & HEARD_N < (SEEN_N nd. 7 /nd. 2 /nd. 4

/2)

- males = (SEEN_N/2)1

HEARD_N > (SEEN_N / 2) /nd. 3 /nd. 2 /nd. 2

- males = HEARD_N
2232 Trend analy

Yearly index estimation

Based on the separate yearly NOTE

counting sessions an estimate of
male grey partridge numbers on an
area can be calculated. To account for
(i) the reliability of this estimate and
(ii) the fluctuations over the years, we

In the factsheet (linked in Section 2.2.2) the field
data is summarized by calculating a mean index
per year from the separate counting sessions.
However, for the analyses we used a more
sophisticated approach.

used a Bayesian model to simulate
yearly estimates.

The INLA package (Rue et al., 2009) was used to specify and fit this Bayesian model. The
number of counted male partridges was used as the dependent variable. Site and Year were
added as random factors, to account for the dependency of counts within each project site
and year, respectively. To adjust for variations in total transect lengths among project sites,
the natural logarithm of the total transect length (expressed in km) was used as an offset. The
model utilizes a negative binomial error structure to account for the observed overdispersion
in the count data. Based on this model, we simulated 1,000 values for the yearly estimates.

12



Trend comparison

To correct for the difference between demonstration and reference sites at the start of our
monitoring period (namely 2017), we rescaled all estimates for the demonstration sites to this
first year difference. As we were interested in comparing the trends between reference and
demonstration sites, we subsequently calculated the yearly difference between the rescaled
demonstration site estimates and the estimates of their paired reference sites. Next, we
calculated the linear seven-year trend in these differences in the log-scale for each of the 1,000
simulated values. The median of this dataset represents the point estimate of the seven-year
trend, and the 95% credibility interval corresponds to the 2.5% and 97.5% quantiles. Please
refer to Appendix Ill.1.1 for further details.

To evaluate the difference in the number of counted male partridges between demonstration
and reference sites by the end of the project period (2021-2023), the Ime4 package (Bates et
al., 2015) was used to specify and fit a generalized linear mixed-effects model (GLMM). In this
model, the number of counted males was used as the dependent variable and the site type
(distinguishing between demonstration and reference sites) as the fixed, categorical,
explanatory variable. The model also includes random effects to account for the variations
among site pairs (demonstration/reference sites) within each year and across different sites,
capturing site-specific and year-specific variations in the monitoring data. To adjust for
variations in total transect length among project sites, the natural logarithm of the total
transect length (expressed as km) was used as an offset. The model utilizes a negative
binomial error structure to account for the observed overdispersion in the count data. Model
estimates were obtained with the ggeffects package (Ludecke, 2018). Please refer to Appendix
[11.1.2 for further details.

Overall, the GLMM provided a flexible and robust approach for analysing the difference in the
number of counted partridges between demonstration and reference sites during the last
three years of the project (2021-2023). It allowed us to test for the effects of site type while
accounting for the total transect length and the distributional characteristics of the count data.

9} NDEC T C
2.4 RESULTS

Due to a shortage of observers at the English Loddington (demonstration) and Horninghold
(reference) site pair, the counting protocol could not be followed. As a result, the count data
available for this pair lacked replication and was not comparable to the data gathered at the
other project sites. The Loddington spring count data was hence omitted from any further
analyses. In addition, no surveys were performed at the Scottish Whitburgh demonstration
site in 2021 due to challenges imposed by the Covid-19 restrictions. Given that monitoring was
still in its testing phase at the Dutch Burghsluis site pair in 2017, the resultant data was
deemed unreliable and excluded from the analysis.
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In summary, the raw partridge spring monitoring dataset covered a total of 380 separate
counting sessions. Throughout these sessions, a combined count of 4,525 male partridge
observations were recorded across all project sites and years.

232 TREND

Figure 2.1 illustrates the fit of our model to the raw partridge spring monitoring data per site
pair. For all analyses, we used the counted number of male partridges per walked kilometre
as an index to account for the different total transect length across the project sites and years.
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Figure 2.1. Raw partridge spring count data and modelled trend line (+95% interval) per site
pair. Y-axis s presented on a log scale. BE-ISAB = Belgian Isabellapolder demonstration (demo)
and reference (ref) site, BE-RAMS = Belgian Ramskapelle demo and ref site, NL-BURG = Dutch
BughSluis demo and ref site, NL-OUDD = Dutch Oude Doorn demo and ref site, GE-DIEM =
German Diemarden demo and ref site, GE-NESS = German Nesselréden demo and ref site, SC-
WHIT = Scottish Whitburgh demo and ref site, SC-BALG = Scottish Balgonie demo and ref site,
EN-ROTH = English Rotherfield demo and ref site.

Figure 2.2 presents the trend difference between demonstration and reference sites for each
of the site pairs and for all sites combined (overall), expressed as a percentage. A 0% difference
indicates that the trend in partridge numbers is equal in the demonstration and reference
sites (no difference). Differences are considered statistically significant when the 95%
credibility interval does not include the 0% reference or statistically non-significant if it does.
Positive percentages indicate that the trend in the demonstration site is either more positive
or less negative than in the reference sites, while negative percentages suggest the opposite.
The 30% difference indicates the project’s target to reach at least a 30% increase in
demonstration sites compared to reference sites.
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The overall trend difference between demonstration and reference sites was not significant.
Although it leans towards the positive side, the wide interval also covers extremely negative
values. This suggests that overall, the trend in number of male partridges counted per km was
not significantly different between demonstration and reference sites and that it ranged from
being highly negative to highly positive.

At the site pair level, the differences in the trends varied widely. Only one site pair, GE-DIEM,
showed a significant positive difference in the trend between the demonstration and
reference areas, exceeding the 30% project target. This indicates that the number of counted
male partridges per km at the German Diemarden demonstration site increased significantly
compared to the paired reference site (Bilshausen). For all other site pairs, the difference was
not significant, with intervals either leaning towards the positive (GE-NESS, SC-WHIT, BE-ISAB,
EN-ROTH), centring around 0% difference (SC-BALG) or leaning towards the negative (BE-
RAMS, NL-OUDD, NL-BURG). Note that most site pairs are characterized by relatively wide
intervals, presumably resulting from large annual fluctuations in the number of partridges
counted.
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Figure 1.2. Difference in partridge spring monitoring trends (%) between demonstration and
reference site pairs (green) and overall (blue) where the dots show the median value and the
error bars the 95% intervals. The x-axis is presented on a log scale. The dashed line at 0%
indicates no difference; the dotted line at 30% indlicates the project’s target. For explanation
of site abbreviations please see Figure 2.1.

255 ABUNDANCE

Figure 2.3 shows the mean number of male partridges per kilometer for both the
demonstration and reference sites, all sites combined. By the end of the project period, the
number of counted partridges was significantly higher in the demonstration sites compared
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to the reference sites with an estimated number of 2.1 (95% confidence interval: 1.25-3.55)
partridges per kilometer at the demonstration sites, compared to 0.99 (95% confidence
interval: 0.59-1.69) at the reference sites. The relatively wide confidence intervals are a result
of large between-year variability.

At the site pair level, the number of counted partridges was higher in all demonstration sites,
except at Isabellapolder and Ramskapelle (both in Flanders, Belgium). The difference between
demonstration and reference site was highest in Rotherfield (England) and Burghsluis (the
Netherlands), with respectively more than ten times in the former and close to five times more
partridges counted at the latter (Appendix I.1).

Index
(counted males / km)

Ref Delmo

Figure 2.3. The number of male partridges counted per kilometer transect at the
demonstration and reference sites for all sites combined (2027-2023). Error bars represent
95% confidence intervals.

2.4 DISCUSSION

By the end of the project period, partridge numbers were significantly higher in the
demonstration sites compared to the reference sites. This result is in line with the findings of
the breeding bird monitoring, revealing that, on average, our demonstration sites hosted 70%
more breeding territories for grey partridges compared to the reference sites (Chapter 4).
Combining these findings with the extensive habitat mapping data presented by Hubbard et
al. (2023), which highlight that our demonstration sites consistently outperformed our
reference sites across a spectrum of habitat quality metrics, further underscores the positive
impact of increased habitat quality on local partridge populations in farmland. Moreover, they
demonstrate the benefit of wildlife-friendly habitat, such as flower blocks, grass margins,
beetle banks, hedges, and more, in creating an environment supporting these ground-nesting
farmland inhabitants.

Despite these findings, identifying a substantial difference in the trend in grey partridge
numbers between the demonstration and reference sites over the project period proved
challenging. To be able to detect trend differences, it is important to not only implement
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sufficient habitat improvements at the demonstration sites, but also to look at the relative
additive value of this habitat at the start of the project. The larger the differences, the more
likely that trends will be detected. Our detailed habitat mapping revealed that while we
succeeded in adding on average 4.9% of beneficial habitat during the project period, most of
the demonstration sites we selected had started the project in a favourable condition, with
close to or even exceeding the targeted 7% of beneficial habitat coverage in 2017 (Hubbard et
al., 2023). It therefore might be that our additional habitat improvements did not manage to
have a substantial enough impact on the local grey partridge population trend at our
demonstration sites to be detectable by our monitoring efforts. Alternatively, local partridge
populations might have already been close to or at carrying capacity (influenced by factors
outside our control, such as predation pressure and the turnover of individuals on our sites -
with our demonstration areas losing grey partridges to lower density areas, see also further
below) due to the ample beneficial habitat present at the demonstration sites from the start,
potentially explaining their lack of response to our additional habitat improvements.

Moreover, trend analyses are notoriously challenging, often necessitating extensive sampling
efforts and long-term data collection to gather enough observations. This enables the
differentiation between natural year-to-year fluctuations and the effect of our implemented
management on the overall trend. This distinction becomes particularly crucial when dealing
with species characterized by smaller population sizes and/or lower densities, such as the grey
partridges in our project sites. Although the seven years of monitoring at our 500-ha
demonstration sites, yielded valuable insights, it is important to acknowledge that achieving
accurate assessments of population trends and their responses to habitat improvements
might require an even longer observation period and even larger study areas.

Establishing a clear cause-and-effect relationship between our habitat enhancements and the
trend in local partridge numbers could be further complicated by other factors that equally
influence partridge populations at our project sites. Beyond habitat quality, local factors such
as predation levels, dispersal, disease and human induced fatalities (e.g. mowing, ploughing,
road casualties, etc.) can equally impact the number of partridges in an area. As these factors
could not explicitly be quantified in our analysis of the partridge data, their influence remains
speculative and intertwined with the effects of our management measures.

In addition to the influence of these local factors on partridge populations, the number of
counted males is also highly dependent on the method used and how strictly the protocol was
followed. The line-transect playback method relies on counting the number of calling males in
the field as an indirect measure of partridge abundance in the area. While previous research
demonstrates the effectiveness of this method in tracking population trends, it is important
to note that the outcomes of these call counts can be strongly affected by factors such as
weather conditions and the timing of monitoring.

Weather conditions can significantly diminish the detectability of male calls. This can result in
a notable reduction in the number of individuals counted when conducting surveys under
suboptimal weather conditions. Take, for instance, the counts carried out at the Dutch
Burghsluis and Nieuwerkerke project sites in 2021. Due to an overlap between the monitoring
period and an extended duration of rainy and windy weather, the counts had to proceed
under less-than-ideal conditions. These counts yielded markedly lower results compared to
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counts in previous and subsequent years. This discrepancy was particularly evident at the
Burghsluis demonstration site.

Furthermore, the timing of monitoring can exert a significant influence on the number of
individuals counted. Male calling activity is closely tied to the time of year, with males calling
most intensely after the break-up of coveys, during pair formation (February to mid-April)
(Panek, 1998, Rotella & Ratti, 1988). Counting either too early, when coveys are still together,
or too late, when pairs have already formed, can result in a substantial decrease in the number
of calling males. Therefore, it is crucial to carefully choose the timing of monitoring and
maintain the same period consistently throughout the years, with this timing to coincide with
partridge behaviour, not necessarily a calendar date.

2.5 CONCLUSION

In conclusion, the results from the partridge spring monitoring provide compelling evidence
for the vital role of enhanced habitat quality in supporting local partridge populations in
farmland environments. The significantly higher number of counted partridges at the
demonstration sites compared to the reference sites underscores the positive impact of
wildlife-friendly habitat measures on local partridge numbers. Nevertheless, the challenges
posed by trend analysis and the possible influence of other factors demonstrate the
difficulties in working with small, local populations and their population dynamics and the
complexities involved in evaluating the relationship between habitat enhancement and
biodiversity.
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31 AIM

The main aim of grey partridge monitoring in autumn is to assess the breeding success of a
local partridge population. It is the best measure to understand whether the conservation
management measures implemented in a certain area result in increased grey partridge
breeding success (in our case the PARTRIDGE measures), compared to a reference site, where
no such measures were taken (“business as usual”). To test this, we were interested in the
number of coveys at our demo and reference areas, their covey size, and their young/adult
ratios (Ewald et al., 2009).
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Unfortunately, counting partridge coveys in late summer and early autumn proved to be
rather difficult in many of our continental PARTRIDGE project sites, despite it working perfectly
in the UK. We have tried various types of monitoring to get an idea of the number of coveys
per site, the covey size, and their young/adult ratio. However, we were unable to develop one
single, best method for all study areas. Much of this had to do with the fact that crop type
varied greatly between project sites. A large proportion of maize or cover crops on an area
can make it difficult to near impossible to find coveys, as they tend to hide within those maize
fields during daytime.

Especially at our German project sites, the abundance of cover crops has proven to be a major
problem for counting partridge coveys. Consequently, no successful autumn counts were
carried out in Germany, and we decided to curtail autumn counts there. The same decision
was arrived at for the two Zeeland (the Netherlands) demonstration and reference sites, as
no partridges were ever seen or heard during the autumn counts, even though we know from
the spring counts that they were present earlier in the year.

The situation in the other two Dutch sites in Brabant couldn’t be more different, as all coveys
were followed closely by volunteer field workers during the summer months. Because of this,
no special partridge autumn count was carried out at these sites. At the English and Scottish
sites, autumn counting consisted of driving around and crossing each accessible field. This
technique is called a ‘'stubble count’ and has been used successfully in the UK for over 50 years
(particularly in Sussex: Potts, 1986; Potts & Aebischer, 1995, but also across the UK through
the national Partridge Count Scheme managed by the GWCT, mainly by gamekeepers,
farmers, and land managers). According to the protocol (Ewald et al., 2009), autumn counts
were conducted at our UK project sites each year. At the Belgian sites, we were unable to use
this method because driving on the farmer’s fields was not allowed. Instead, we tried to cover
as much of the site as possible by driving along existing roads. The playback call was used to
increase the chances of partridge detection. When a partridge was seen, we stopped and
watched with binoculars, to count the total number of partridges in each covey. We
distinguished adult males from females and attempted to age the chicks, in order to estimate
their time of hatching, which proved to be difficult.
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5.5 RESULTS

The lack of autumn data in some sites and non-standardized monitoring across the others
made it impossible to analyse the autumn count data.

5.4 CONCLUSION
Despite our efforts, we were unable to find a standardized protocol for counting partridges
during the autumn season. This emphasizes the difficulty of finding a standardized protocol

that can be applied effectively across a diverse range of landscape types, regions, and indeed
countries.
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41 AIM

The key objective of the PARTRIDGE project was to improve the farmland habitat using
methods tailored to grey partridge conservation management and in doing so, benefit a wide
range of other farmland biodiversity, including other farmland birds. The implementation of
various management measures aimed at providing more chick-food for chicks of partridges
and other farmland birds and seeds for adult birds, more and better nest site opportunities
and improved cover and food during winter. Based on existing research (see Brewin et al.,
2020), we expected that other wildlife would also benefit, resulting in an overall biodiversity
increase of up to 30% in the demonstration sites compared to the reference sites. In this
chapter we focus on farmland birds as categorized by the Pan-European Common Bird
Monitoring Scheme (2022) for the Atlantic region.

Here we tested the effect of the enhanced habitat on breeding songbirds.

1) Do more bird species breed in the enhanced demonstrations areas compared to the
corresponding reference areas without the extra measures?
2) Do those birds have more breeding territories?

42 PROTOCOL
421 METHOD SELECTION

Two methods are commonly applied in bird surveys: distant sampling and territory mapping
(Bibby et al. 2000, Buckland 2006). In brief, for distant sampling, all birds seen or heard from
a counting point or line transect are recorded and the distance (used to calculate detectability)
is estimated each time. These data are used to calculate bird densities. For territory mapping,
all birds seen or heard in the monitoring area are noted on a map. The observations of several
visits during the breeding season are combined based on a set of rules to delineate breeding
territories.

Several studies have compared both methods in the field but did not find a clear pattern when
comparing the results of each (Gillings et al. 1998, Shankar Raman 2003, Buckland 2006,
Gottschalk and Huettmann 2011). Gregory (2000) compared line transects, point transects and
territory mapping and concluded that territory mapping was much more precise than both
transect methods. A drawback according to his paper is that territory mapping is not very
efficient since the time required to analyse mapping data was seven times greater than for
the transect data. However, at that time, no dedicated computer software was available that
streamlined and standardised the translation of the field data into territories.

Gottschalk and Huettmann (2011) argue that territory mapping does not take detectability of
the target species into account. Distance sampling includes a species-specific detection
function based on the distance between the observed bird and the observer (Buckland et al.
2015). To derive this detection function reliably, it is postulated that at least 60-80 observations
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are needed along line transects and 75-100 for point transects (Buckland et al. 2015). Some
authors claim that it might be possible to get useful estimates with fewer observations
(Gottschalk and Huettmann, 2011), this approach is not without criticism, since it is impossible
to get enough observations when species only have one or a few territories in the survey area,
as is often the case for (threatened) farmland birds. Territory mapping accounts for imperfect
detection by setting a minimum, required number of observations. Bibby et al. (2000) suggest
at least two observations obtained during 8, or fewer, field visits. To define a territory based
only on a fixed number of observations, usually equal for the different bird species, might be
problematic. According to Gottschalk and Huettmann (2011) better criteria, such as a species-
specific minimum number of observations and a species-specific maximum distance between
registrations, should be used to set a territory.

An advantage of territory mapping is that it is spatially explicit. It gives fine spatial details as to
where the territories of the birds are situated which can be correlated with environmental
variables such as farmland agreement measures (Douglas et al. 2009, Burgess et al. 2015).

Based on these arguments, it was decided to use territory mapping to monitor the presence
of breeding birds in the study areas. We deployed the territory mapping method used in The
Netherlands (van Dijk and Boele 2011), slightly adapted to the local situations in the partner
countries of our project.

422 FIELD METHODS

Field work was carried out in both the demonstration and reference areas in the five partner
countries  Belgium, England, @ Germany, Scotland, and The  Netherlands
(https://northsearegion.eu/partridge/). There were two demonstration sites and two
reference sites in each country (20 sites overall). Demonstration and reference sites were
(geographically) selected in pairs in a way that the environmental situations were comparable,
except for the measures. Since it was impossible to cover the whole site (+ 500 ha) in one
morning, it was decided to observe the birds along a fixed 6-7km transect. The transects were
selected in a way to maximise the area that could be seen from them (i.e., viewshed) and so
that they covered areas with and without measures in the demonstration sites and a
representative area of the reference sites.

The focus was on farmland birds because these were the main targets of the project’s
farmland habitat agreements. Therefore, at least five field visits (minimum 10 days apart)
between early April and end of July were required. Field surveys took place in the morning,
starting around sunrise on days when preferentially calm, sunny weather and average
temperatures was predicted. The starting point of the transect was changed each visit,
rotating across the area to avoid confounding recording with time.

To simplify and standardise the fieldwork, SOVON, the Dutch Centre for Field Ornithology,
developed an AVIMAP-app to enter the observations in the field (SOVON 2015). The app runs
on a smartphone/tablet with GPS. After ending the survey, the data were uploaded to a server.

To collect the data, a skilled bird ecologist or volunteer walks slowly along the transect. Every
bird that is seen or heard is noted carefully on a map of the region, presented on the
smartphone/tablet. Each observation is given a breeding code from 0 to 16. A higher number
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indicates an observation with a higher certainty of breeding (Table 4.1). When two birds are
seen/heard simultaneously, or when two birds are seen along the transect and it is unlikely
that these observations belong to the same bird, these are exclusive observations that
indicate that these birds belong to two different territories.

Table 4.1 Breeding codes. Adapted from SOVON (2076).

Breeding code Description

0 Other / outside breeding habitat
Birds seen in breeding habitat

1 Adult bird in breeding habitat

3 Pair (when singing/display, use code 2 or 5)
Territory indicating behaviour

2 Singing / displaying male

5 Courtship and display behaviour
Nest indicating behaviour

6 Visiting probable nest site

7 Agitated behaviour or anxiety calls (adults)

8 Adult with brood patch

9 Nest building

10 Distraction display or injury feigning

11 Recently used nest

12 Recently fledged young

14 Transport of food or feacal sac
Nest found

13 Used nest (adult entering or leaving)

15 Nest with eggs

16 Nest with young

425 DATA PROCESSING

After the field season, once all data are uploaded to the server, the observations are clustered
to obtain breeding territories. In 2013, SOVON developed an auto-cluster tool (Van Dijk et al.
2013). This automated technique standardises the interpretation of the observation clustering
which makes the results comparable across survey areas and years. Clustering is based on
nearest neighbourhood agglomerative clustering. In subsequent steps, the nearest
observations are grouped, considering species-specific characteristics (Table 4.2). The values
of the species-specific criteria are listed in van Dijk and Boele (2011) and Vergeer et al. (2016).
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Table 4.2 Species specific characteristics used when clustering observations into territories.

Date limits To exclude migrants or vagrants, an observation must fall within
these date limits to be valid.
Fusion distance Maximum distance between two non-exclusive observations to

allow inclusion in the same territory.

# valid observations The minimum number of valid observations needed. Valid
observations indicate territory and/or nest presence. Breeding code
2 or higher (Table 4.1).

424 SELECTED SPECIES

From the Atlantic farmland bird list, 18 species were recorded on our demo and reference
sites. For the analysis we divided the species in three groups (Table 4.3). Farmland species
associated with small-field arable landscapes (9 species) with numerous hedgerows, wood
edges, orchards, etc. Some of these species also occur in areas with sparse upright green
elements, but these areas of green are relatively small. As a result, the total length of plot
edges in these landscapes is large. At the other extreme, species of open farmland (5 species)
prefer wide-open landscapes and breed at least 100m from linear elements like hedges or
trees. Semi-open landscape species (4 species) are somewhere in between, ie. a mix of open
and rather closed landscape.

Table 4.3 Farmland bird species encountered during the present studly.

Landscape Species

Small-scaled Linnet Carduelis cannabina, Tree Sparrow Passer montanus, Turtle-Dove
Streptopelia turtur, Goldfinch Carduelis carduelis, Whitethroat Curruca
communis, Grey Partridge Perdix perdix, Lesser Whitethroat Curruca
curruca, Red-backed Shrike Lanius collurio , Yellowhammer Emberiza

citrinella

Semi-Open Kestrel Falco tinnunculus, Stonechat Saxicola rubicola, Rook Corvus
frugilegus, White Wagtail Motacilla alba

Open Corn Bunting Emberiza calandra, Meadow Pipit Anthus pratensis,

Lapwing Vanellus vanellus, Sky Lark Alauda arvensis, Yellow Wagtail
Motacilla flava

425 STATISTICAL ANALYSES

To assess whether bird abundances were higher in the demo sites compared to the reference
sites we used the monitoring data of the breeding seasons of 2020 to 2022. By 2020 the, all
environmental measures were implemented and had time to develop. We deployed
generalised linear mixed model analysis. We used the number of territories of a species group
in a breeding season as the dependent variable is. The fixed explanatory variables were site
type (Demonstration site versus reference site), species group (the three bird categories), and
the interaction between site and species group.

We analysed the data, both at the local level (individual site pairs) and at the “European” level
(all sites combined). To account for the fact that two sites (demonstration and reference)
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belong to the same site pair, pair was added as a random effect in the model for the overall
analysis. The same applied for sites monitored during the same breeding season since
weather conditions can differ strongly between years. Since conditions can differ among
regions (e.g., Balgonie is much further north than the sites in Belgium), we added a random
site-couple x year effect to the overall analysis. At the local level, the year of the breeding
season was added as a fixed effect since there were not enough years to add them as a
random effect.

The viewing distances from the transect line differed between sites. In Belgium and The
Netherlands, for instance, the landscape is flat with hardly any tree line or hedge. In England
or Germany, the landscape is hilly with numerous hedges which hampers the view. Therefore,
log(area) of the viewshed area (in ha) was added as an offset to account for the differences in
observation areas between sites. We used a negative binomial error structure to account for
the observed overdispersion in the count data.

Beside abundance we also tested whether species richness differed between treatments and
species groups. The same model was deployed as above except that a Poisson error
distribution was used since these data were not overdispersed.

All statistical analyses were performed in Rv.4.3.0 (R Core Team 2023). The generalised mixed
models were run with the glmmTMB function (glmmTMB package, Brooks et al, 2017).
Overdispersion and zero inflation were tested with the DHARMa package (Hartig, 2022). Model
estimates were obtained with the ggeffects function (ggeffects package (Ludecke 2018)) and
graphically displayed with the ggplot function (tidyverse package, Wickham et al, 2023) and
the patchwork package (Pedersen, 2023) or tabulated with the flextable package (Gohel, 2023).
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During the three breeding seasons considered here, the English sites recorded the most
farmland bird species with breeding territories (16/18) (Appendix 1.2.1.). In Belgium, Germany
and The Netherlands 14 species were recorded and in the Scottish sites 11. Eight species
(Linnet, Tree Sparrow, Goldfinch, Whitethroat, Grey Partridge, White Wagtail, Meadow Pipit,
Sky Lark) were found in all five countries, while Turtle-Dove (Belgium), Red-backed Shrike
(Germany) and Corn Bunting (England) were only recorded in a single country.

4.5 1  ABUNDANCE

For all three bird categories, there were, on average, more breeding territories in the
demonstration sites compared to the reference sites (Figure ). For birds from small-field
landscapes abundance is almost twice as high in the demonstration sites. For semi-open and
open landscape species it was 51% and 32% higher, respectively.
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Figure 4.1. Annual abundance - Mean number of breeding territories in the demonstration
and reference sites for all site-couples combined per species group. The vertical lines show
the variation between counts.

At the site-pair level, abundance of the small-field bird species was higher in all demonstration
sites, except for Isabellapolder. The difference between demonstration and reference sites
was highest in Oude Doorn (The Netherlands) Rotherfield (England) and Balgonie (Scotland)
with respectively nearly 8-times, more than 3 times and 3-times more breeding territories in
the demonstration sites compared to the reference sites (Appendix 1.2.2). For the bird species
of semi-open habitats, there were more breeding territories in the demonstration sites except
for the two Belgian sites Isabellapolder and Ramskapelle. The largest differences for these
species were observed in Nesselrdden (Germany) and Oude Doorn (The Netherlands) with
respectively more than 5-times and more than 4 times more territories in the demo sites. The
species of semi-open habitats were absent in the demo and reference site of Loddington. The
outcome for the open landscape species is more heterogenous. The highest positive effect is
found at Oude Doorn (The Netherlands) and Balgonie (Scotland). In the first of these we found
five times more territories in the demonstration area, for Balgonie it was slightly more than
twice as much. On the other hand, fewer territories were recorded in the demonstration areas
than in the reference areas in both the German areas (Nesselroden -19%, Diemarden -16%)
and at Whitburgh (Scotland, -39%).

4352 DIVERSITY

The number of species observed annually in the demonstration sites was, overall, for all sites
combined, also slightly higher than in the reference sites, and this held true for all three
species groups (Figure ). In all three species groups there were on average slightly more than
20% more bird species in the demonstration sites. However, at the individual site-pair levels,
differences were small (Appendix 3). For the small-field species differences were highest in
Oude Doorn (The Netherlands) and Balgonie (Scotland). For the other species groups (semi-
open and open landscape), the differences between the demo sites and the reference sites
were much smaller and did not differ across the sites.
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Figure 4.2. Annual diversity - Mean number of bird species with breeding territories for all
sites combined per species group. The vertical lines show the variation between counts.

For three species there was not enough data to run a statistical analysis. We only recorded
one red-backed shrike breeding territory in 2021 and 2022 in the demonstration site
Nesselroden (Germany), For turtle-Dove there was only one breeding territory in 2020 in the
demonstration site Isabellapolder (Belgium) and for corn bunting we recorded six territories
in 2022 only in the reference area of Rotherfield (i.e., Cheriton, England).

Overall, for all sites combined, the number of territories was clearly higher in the
demonstration areas compared to the reference sites for 10 of the 13 species (Figure ). The
number of territories was 30% or more higher in the demonstration sites for all 11 species.
The largest differences were noted for lesser whitethroat (5-times more territories), lapwing
(3-times more), whitethroat and stonechat (both more than 2-times more territories). Linnet,
goldfinch, grey partridge, meadow pippet, skylark and yellowhammer had between 30% and
80% more territories in the demonstration sites compared to the reference sites. There was
no difference between demonstration and reference sites for yellow wagtail, white wagtail
and Eurasian tree sparrow.
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Figure 4.3. Annual abundance - Mean number of breeding territories (corrected for
differences among site-pairs) of the recorded farmland birds in the demonstration and
reference sites for all site-pairs combined. The vertical lines show the variation between

counts.

4.4 CONCLUSION

Our study demonstrated that both the number of birds (abundance) and the number of
species (diversity) are higher when the farmland habitat is enhanced with beneficial wildlife
habitats such as flower blocks and beetle banks. Farmland bird species that live in small-scaled
farmland landscapes with numerous hedgerows, wood edges, orchards benefited the most.
Iconic farmland birds such as lesser whitethroat (500%), linnet (60%), yellowhammer (30%),
skylark (30%) and grey partridge (70%) had clearly more breeding territories in our
demonstration sites than in the reference sites.
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Here we test the effect on overwintering birds of enhanced (winter) habitat provided through
agri-environmental measures, in particular PARTRIDGE flower blocks, at our demonstration
sites.
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1) Is the abundance of overwintering birds higher in demonstration sites with
measures compared to reference sites without measures (“business as usual”)?

2) Are birds concentrated on or near the measures in the demonstration sites?

3) Is bird diversity higher on or around the measures?

To monitor the birds overwintering on our sites we used a point counting technique (Buckland
2006). By locating counting points close to and further away from PARTRIDGE measures in a
demonstration site, it is not only possible to compare bird densities between demonstration
and reference sites, but it is also possible to assess whether the wintering birds tend to cluster
around or in the measures within the demonstration sites. In winter most farmland birds are
not territorial and become more mobile, with several species moving around the countryside
in flocks of varying sizes. This means it is not possible to apply distance sampling techniques
to obtain density estimates from counts of birds (Roodbergen et al., 2011). Therefore, we used
relative densities, i.e., the number of birds counted within a circle of a radius of 300m around
the counting position.

527 METHOD DESCRIPTION - POINT-COUNTS

The winter bird counts were carried out at six demonstration sites and their respective
reference sites (Table 5.4). The reference sites were situated nearby the demonstration sites
to make them comparable, but far enough away to be independent. To assess the effects of
the measures, we always compared the demonstration site with the adjacent reference site (a
paired approach). At most sites, birds were monitored over three winters, except for
Rotherfield (England) where birds were only recorded for two winters.
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Table 5.4: Overwintering bird monitoring at the PARTRIDGE sites. The three numbers reflect
1) the number of counting points in the demonstration sites with measures, 2) the number
of counting points in the demonstration without measures and 3) the number of counting
points in the reference sites. For example, on Isabellapolder we counted birds at 7 points
with measures and 7 points without measures, while on the reference site at

Oudmanspolder we counted birds at 8 points.

Country | Demo site Reference site 2019-2020 | 2020-2021 | 2021-2022 | 2022-2023
BE Isabellapolder | Oudmanspolder 7-7-8 7-7-8 7-7-8
Ramskapelle Middelkerke 7-7-8 7-7-8 7-7-8
NL Burgh-Sluis Nieuwerkerke 9-10-9 9-10-9 9-10-9
Oude Doorn Genderen 9-9-9 9-9-9 2Bt
SC Balgonie Balbirnie 7-8-7 7-8-7 7-8-7
EN Rotherfield Cheriton 10-10-10 10-10-10

Each site was visited once a month from November until February (4 times in total). Birds can
be observed at a comparable rate of detection throughout the day (Gutzwiller 1993), which
makes it possible to count the demonstration site and the nearby reference site in the same
day. Field surveys preferably took place on days with calm, sunny weather.

In Belgium and in The Netherlands, birds were counted in circles with a radius of 300m. Here
the landscape is flat and open. In Scotland and England, the radius of the counting circles was
100m due to the hilly landscape and the presence of hedges hampering reliable observations
over a longer distance.

At the demonstration sites, we randomly selected both counting circles that overlapped
measures, and circles situated in-between the measures. Care was taken that circles did not
overlap. At the reference sites, where no or very few habitat measures were present, the birds
were counted in non-overlapping, randomly selected circles. The number of counting points
differed slightly between sites due to local habitat configuration. However, this did not affect
the results of the analysis as the number of birds observed in an individual counting circle was
the unit used for analysis.

Fieldworkers stood in the centre of each circle and noted down, on a map, all the birds they
saw within a 10-minute observation period. This was repeated for all circles on the same day
on each site. Each month, the counting order of the circles was changed sequentially. To
simplify the fieldwork we used the AVIMAP app for entering the observations in the field
(SOVON 2015). The app runs on a smartphone/tablet with a GPS (see also Chapter 4, Breeding
birds). At the end of each survey session, the data were uploaded to a server.

523 SELECTED BIRDS

Overall, we analysed the data obtained for 29 species in two groups (Table 5.5). The first group
of 10 species commonly occur on farmland and largely depend on seeds as a source of food
in winter (Dochy and Hens, 2005; Gillings et al., 2005; Hammers et al., 2015; Broughton et al.,
2020). Farmland birds from this group have undergone the greatest decline across Europe,
with these declines considered to be the result agricultural intensification (Rigal et al., 2023).
The other 19 species are also commonly encountered in a farmland environment, but they do
not rely primarily on seeds as food over the winter. Bird abundance and species richness were
calculated for both groups in each counting circle for each site visit.
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Table 5.5. Bird species included in each group.

Declining Brambling Fringilla montifringilla, Chaffinch Fringilla coelebs, Linnet
farmland Carduelis cannabina, Goldfinch Carduelis carduelis, Greenfinch Carduelis
seed-eaters | chloris, Grey Partridge Perdix perdix, Reed Bunting Emberiza schoeniclus,
Skylark Alauda arvensis, Yellowhammer Emberiza citrinella.

Other birds | Blue Tit Cyanistes caeruleus, Blackbird Turdus merula, Collared-Dove
Streptopelia decaocto, Jackdaw Corvus monedula, Magpie Pica pica, Robin
Erithacus rubecula, Starling Sturnus vulgaris, Fieldfare Turdus pilaris, Great
Tit Parus major, House Sparrow Passer domesticus, Meadow Pipit Anthus
pratensis, Lapwing Vanellus vanellus, Redwing Turdus iliacus, Ring-necked
Pheasant Phasianus colchicus, Rook Corvus frugilegus, Song Thrush Turdus
philomelos, Stock Pigeon Columba oenas, Wren Troglodytes troglodytes

524 DATA ANALYSIS

We used generalised mixed model (GLMM) analysis to analyse the abundance data. For each
visit, at each observation point, we summed the number of birds of each species group; this
was the dependent variable. The three fixed explanatory variables were counting point type,
month, and the interaction type x month. Counting point type was a categorical variable
reflecting the three types of counting points: “Demo+" - counting points on or near PARTRIDGE
measures on demonstration sites, “Demo-“ - counting points without measures on
demonstration sites, and “Ref” - counting points on reference sites). Months were the four
months the sites were visited (November, December, January, and February).

We analysed the data, both on a local level (demonstration/reference pairs) as well as on the
“European” level (all pairs combined). Several counting points were monitored at the same site
rendering these points statistically non-independent. Therefore, ‘site’ was added as a random
effect to our models. The same applied to sites monitored in the same winter as weather
conditions can differ strongly between years. Since not all site pairs (demonstration and
reference) were monitored in the same year and winter conditions can differ among sites (e.g.,
Balgonie is much further north than the sites in Belgium), we added a random ‘site-pair x
winter’ (17 units) effect to the overall analysis. At a local level, ‘winter’ was added as a fixed
effect since there were not enough years to add them as a random effect. The log(area) of the
circle around a counting point (in ha) was added as an offset to account for the differences in
the area observed between sites. We used a negative binomial error structure for the count
data to account for the observed overdispersion in the count data.

Beside abundance, we also tested whether species richness differed between the “Demo+”,
“Demo-“, and “Ref” locations and months. The similar model was used to that above except
that a Poisson error distribution was used as the species richness data were not
overdispersed.

All statistical analyses were performed in Rv.4.3.0 (R Core Team, 2023). The generalised mixed
models were run with the gimmTMB function (gImmTMB package, Brooks et al, 2017).
Overdispersion and zero inflation were tested with the DHARMa package (Hartig, 2021). Model
estimates were obtained with the ggeffects (ggeffects package, Ludecke, 2018) and graphically
displayed with the ggplot function (tidyverse package, Wickham et al, 2023) and the patchwork
package (Pedersen, 2023) or tabulated with the flextable package (Gohel, 2023).
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535 RESULTS

Over the three winter field seasons, the highest abundance of species that depend on seeds
(9 out of 10 species) was found at the Belgian sites and in Scotland (Appendix 1.3.1). At the
sites in The Netherlands and England, 7 species were encountered. Eighteen of the other 19
species were observed at the sites in The Netherlands and Belgium, 16 at the English sites and
13 at the Scottish site.
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Figure 5.1. Abundance - Average number of birds observed per count point during winter at
our demonstration and reference sites. ‘Demo+’ = - point counts, with measures, on
demonstration sites, ‘Demo-’= point counts, without measures, on demonstration sites, Ref =
reference site point counts, all without measures. The vertical lines show the variation
between counts.

For all sites combined, the number of birds from the declining farmland seed-eater group
observed in counting circles with measures at the demonstration sites (Demo+) was, on
average, over six times higher than in counting circles on the reference sites (Figure 5.1). On
a local scale, the effect was even higher at some sites. In Isabellapolder (Belgium) for instance,
the number of birds seen in the circles with measures was 42-times higher than in circles
without measures on its reference site Oudmanspolder (Appendix 1.3.2). For the point count
circles at the demonstration sites which contained no measures ("Demo-"), the number of
birds was, on average, 13% higher than at the reference sites. Again, this was even higher on
some sites, including at the demonstration site Isabellapolder (Belgium). Here, the number of
birds in the circles without measures was nearly 9-times higher than at its reference site.

A similar picture was obtained for the other birds, but the differences were smaller. For these
species, the average number of birds observed in counting circles with measures on

39



demonstration sites (Demo+) was on average 29% higher than on the reference sites, for all
sites combined. For circles without measures on the demonstration sites (Demo-), there was
no difference in the average number of other birds compared to the average number of birds
in the reference site circles “Ref”. The largest effect was observed on Rotherfield (England)
where the number of other birds was twice as high in the demonstration site (with or without
measures) than in the reference site (Appendix 1.3.2).

For both groups of species the number of birds was highest at the beginning of the winter and
then decreased towards the end of the winter.

532 DIVERSITY

The effect on the number of bird species visiting our areas in winter was more subtle. Overall,
the number of species per year, was slightly higher on the demonstration sites than on the
reference sites for the declining farmland seed-eaters (Figure ). On average, 7 species were
observed in the circles with measures on demonstration sites, 6 in circles without measures
on demonstration sites, and 5 on the reference sites. There was no difference between the
three treatments for the other bird group, with 14-15 species per year.
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Figure 5.2. Diversity - Average number of birds species observed per year in our demo and
reference areas. ‘Demo+’ = - point counts, with measures, on demonstration sites, Demo-’=
point counts, without measures, on demonstration sites, Ref = reference site point counts, all
without measures. The vertical lines show the variation between counts. The maximum
recorded number of species per year was 10 for ‘the declining farmland seed eaters’and 19
for ‘other birds’.

When looking at the number of species seen simultaneously in a single counting circle, the
difference was greater (Figure ). In this case, on average for all sites combined, there were
nearly three times as many declining farmland seed-eating species in the counting circles with
measures on demonstration sites than at the reference sites. For the counting circles without
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measures on demonstration sites, there were 21% more. The effect for the seed-eaters was
again highest for the Isabellapolder (Belgium) demonstration site, with respectively 8-times
more birds than on the reference site (on circles with measures) and 4-times more than on
the reference site (on circles without measures). For the other species, species richness was
40% higher on demonstration sites (on circles with measures) and 10% higher (on circles
without measures) than at reference sites.
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Figure 5.3. Diversity - Average number of birds species observed per count point during winter
in our demonstration and reference sites. Demo+’ = - point counts, with measures, on
demonstration sites, ‘Demo-’= point counts, without measures, on demonstration sites, Ref =
reference site point counts, all without measures. The vertical lines show the variation
between counts.

54 CONCLUSION

Our study demonstrated that both the number of birds (abundance) and the number of
species (diversity) are higher when the farmland habitat is enhanced with beneficial wildlife
habitats such as our project's PARTRIDGE flower blocks and beetle banks. It is clear, from our
results, that birds that rely heavily on seeds during winter benefit the most. The PARTRIDGE
mix contains several plant species that produce seeds that are available in winter. During our
winter counts, large bird flocks were regularly seen diving into the measures, searching for
food. Interestingly, the other species that do not seek seeds were also found in greater
numbers on or near the measures. They were most likely looking for shelter and/or food.
Although we did not examine the amount of food produced in these measures in winter, we
were able to show that the PARTRIDGE mix produced more insect-food in summer compared
to the surrounding cereal crops.
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The aim of the brown hare (hereafter referred to as hare) monitoring that we did in PARTRIDGE
was to understand whether the grey partridge-tailored management measures established at
our demonstration sites influenced local hare numbers compared to the situation at our
reference sites, where no or very few measures were present (i.e. “business as usual”).

More specifically, data on hare numbers were gathered to address the following research
guestions:

1) Isthetrend in the number of counted hares more positive in the demonstration sites
compared to the reference sites?

2) Is the number of counted hares higher in the demonstration sites compared to the
reference sites at the end of the project?

6.2 METHOD
621 METHOD SELECTION

Over the years, numerous methods have been developed and evaluated for the purpose of
monitoring brown hare populations in the field (Langbein et al., 1999). Among these methods,
total counts, flush counts, capture-mark-recapture methods, as well as point and line-transect
counts are the most commonly used.

Both, total counts and flush counts rely on the observation of hares as they are flushed by a
line of walking beaters and their dogs. For total counts, the aim is to detect all hares present
within an area by flushing them out of cover. Although this provides a near-absolute number
of hares, this method is extremely labour-intensive, causes much disturbance to wildlife and
is typically restricted to smaller, open areas (Pielowski, 1969). To increase the survey area, the
total hare flush count technique can be applied to transects, ranging from 50 to 150 meters
in width, spread across the area of interest. Flushed hares are subsequently counted within
each of these transects. While this method increases the sampled area, it is equally labour-
intensive and may lead to significant overestimations of the local population (Pielowski, 1969;
Rajska, 1968). Capture-mark-recapture is another widely applied and reliable technique for
monitoring brown hare populations. However, these require a lot of preparation, manpower,
time, and money, rendering this method unsuitable for large-scale projects (Abildgard et al.,
1972; Andrzejewski & Jezierski, 1966).

Thankfully, point and line-transect counts serve as viable alternatives to the more labour-
intensive methods described above (ONCFS, 2015). In this method, hares are counted from
predetermined observation points or along driven transects distributed throughout the area
of interest (Barnes & Tapper, 1985; Frylestam, 1979, 1981; Huysentruyt et al., 2018; Sliwinski
et al., 2021). These counts require fewer personnel and preparation than flush counts and are
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thus frequently applied in large-scale hare monitoring projects. Both day- and night-time
surveys can be conducted, with nocturnal surveys being the more commonly applied option
due to the brown hare's night-time activity pattern (Schai-Braun et al., 2012). Spotlights or
night vision goggles are utilized in such cases (Sliwinski et al., 2021). While point counting and
line-transect counting are similar, the presence of vegetation, such as hedgerows, obstructing
the view along transects may render line-transect counting impractical in certain habitats
(Péroux et al., 1997). In such instances, point counting serves as a viable alternative.

In the PARTRIDGE project, line-transect spotlight counting was employed as the standard
monitoring method across all but one project sites. Only at the Horninghold reference site
(UK), the dense concentration of hedgerows along field boundaries combined with a lack of
suitable tracks to drive on, made line-transect counting unfeasible. Instead, point counting
with spotlights was utilized for monitoring at Horninghold and its paired demonstration site
Loddington.

6.2.2 METHOD DESCRIPTION = LINE-TRANSECT SPOTLIGHT METHOD

See PARTRIDGE monitoring factsheet 'Best practice guidelines for successful brown hare
monitoring on farmland' on our Webpage: https://northsearegion.eu/partridge/output-

library/.

6.235 METHOD DESCRIPTION = POINT-COUNT SPOTLICHT METHOD

The point-count spotlight method is very similar to the line-transect spotlight method.
However, instead of driving along transects, hares are counted from fixed points spread as
evenly as possible and practical across the area. The area visible with the spotlight is used as
the viewshed in which the hares are counted (ONCFS, 2019; Verheyden, 1991).

6.2.4 DATA PROCESSING
All statistical analyses were performed in R v.4.3.0 (R Core Team, 2023).

6.2.4.] Data preoaration

Both, the hare count and viewshed data underwent visual inspection in ArcMap (application
in ArcGIS Desktop version 10.8.1) to correct any potential map coordinate errors, and to
remove observations that accidentally fell outside the viewshed areas (Figure 6.1). Map
coordinate errors were fixed manually, and observations outside of the viewshed were
excluded from further analysis.
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Figure 6.1. Example of viewshed filtering for line-transect counts at the Middelkerke
reference site (left) and point-counts at the Loddington demonstration site (right); light grey
area: viewshed, green dots.: observations inside viewshed, red dots: observations outside
viewshed; triangles in the point-counts viewshed indicate the location observers viewed the
field from, i.e. the viewpoint, and the directionality of the spotlight.

6.2.4.2 Trend analysis

The model set-up and parameter values for analysing the hare monitoring trend were the
same as for those used for the partridge spring monitoring (Section 2.2.3.2). However, for the
hare monitoring trend analysis the number of counted hares was used as the dependent
variable and the natural logarithm of the viewshed area (in km?) was used as the offset, instead
of the total transect length (in km).

6.2.4.35 Abundance

The model set-up and parameter values for analysing the difference in hare numbers between
the demonstration and reference sites by the end of the project period (2021-2023) were the
same as the ones described for the partridge spring monitoring (Section 2.2.3.3). However, for
the hare monitoring trend analysis the number of counted hares was used as the dependent
variable and the natural logarithm of the viewshed area (in km?) was used as the offset instead
of the total transect length (in km).

0.5 RESULTS

6.31 RAW DATA

For most sites, there were at least 3 separate counting sessions held annually, except in a few
cases where a shortage of volunteers or a later start to the monitoring period resulted in fewer
counting sessions (for example in Germany in 2017 and Scotland in 2017 & 2018). Due to
challenges outside our control imposed by the Covid-19 restrictions, no surveys could be
undertaken at the Whitburgh demonstration site in 2021.

Additionally, our analysis exclusively incorporated point count data from the English
Loddington and Horninghold project sites to ensure comparability between both sites. While
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line-transect surveys were also conducted at the Loddington demonstration site, they were
excluded from the analysis, resulting in 1-2 counting sessions annually for both sites. Given
that monitoring was still in its testing phase at the Dutch Burghsluis site pair in 2017, the
resultant data was deemed unreliable and thus left out of the analysis.

Both German demonstration sites Diemarden and Nesselroden, exceeded the originally
intended 500-hectare project area at the start of the project and consequently underwent
resizing after the project’s initiation. This adjustment led to some transects extending beyond
the final project boundaries, specifically transect 5 in Diemarden and transects 6 and 7 in
Nesselroden. The counts from all three transects were excluded from any further analysis.

In summary, the raw hare monitoring dataset covers a total of 453 separate counting sessions.
Throughout these sessions, a combined count of 33,972 hares was recorded across all project
sites and years.

6.372 TREND ANALYSIS

Figure 6.2 shows the fit of our model to the hare monitoring raw data per site pair. For all
analyses, we used the number of hares counted per 100ha as an index to account for the
viewshed area differences across the project sites and years.
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Figure 6.2. Hare count data per site pair: All dots represent the raw count data, while the lines
and the shaded areas represent the median and 95% interval of model fit respectively. The y-
axis s presented on a log scale. BE-ISAB = Belgian Isabellapolder demonstration (demo) and
reference (ref) site, BE-RAMS = Belgian Ramskapelle demo and ref site, NL-BURG = Dutch
BughSluis demo and ref site, NL-OUDD = Dutch Oude Doorn demo and ref site, GE-DIEM =
German Diemarden demo and ref site, GE-NESS = German Nesselroden demo and ref site, SC-
WHIT = Scottish Whitburgh demo and ref site, SC-BALG = Scottish Balgonie demo and ref site,
EN-ROTH = English Rotherfield demo and ref site, EN-LODD = English Loddington demo and
ref site. Note that the y-values for the Belgian sites are not shown in the figure due to the
confidentiality of the data.
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Figure 6.3 shows the difference in trends between the demonstration and reference sites for
each site pair and for all sites combined (overall), expressed as a percentage. A 0% difference
indicates that the trend in hare numbers is equal in the demonstration and reference sites (no
difference). Differences were considered significant if the 95% credibility interval did not
include the 0% reference, or non-significant if it did. Positive percentages indicate that the
trend in the demonstration site was either more positive or less negative than at the reference
sites, while negative percentages suggest the opposite. The 30% difference indicated the
project's target, which was to reach at least a 30% increase at the demonstration sites
compared to reference sites.

The overall trend difference between demonstration and reference site was not significant.
Although the trend is leaning slightly towards the positive side, the wide interval across all
sites includes some extremely negative values. This suggests that overall, the trend in the
number of hares counted per 100ha was not significantly different between demonstration
and reference sites and that it ranged from being highly negative to highly positive.

L ]

SC-WHIT -

GE-NESS- I

SC-BALG- I Sui . I

GE-DIEM - I

BE-ISAB - }—-—{

NL-OUDD- I

OVERALL- I

NL-BURG- |

BE-RAMS- I . }

1
1
|
1
1
1 !
EN-LODD- I o : I
1 1
1
I
1
1
1
1
1

EN-ROTH- } > }

| i
75% -67%  -50%  -23% +0% +30%  +100% +200%+300%

Figure 6.3. Difference in hare monitoring trends (%) between demonstration and reference
site pairs (green) and overall (blue) where the dots show the median value and the error bars
the 95% intervals. The x-axis is presented on a log scale. The dashed line at 0% indicates no
difference; the dotted line at 30% indicates the project’s target. For explanation of site
abbreviations please see Figure 6.2.

At the site pair level, the difference in the trend of hares counted also varied widely. Only the
Whitburgh demonstration site in Scotland showed a significant increase (exceeding the 30%
project target) in hare numbers compared to its reference site (Lennoxlove). For the
Nesselroden demonstration site and its reference site the trend difference is positive and
almost significant. For most other sites the difference was not significant, except for the
Ramskapelle and Rotherfield demonstration sites, where the trend difference was significantly
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negative, suggesting hare numbers either decreased or increased slower on the
demonstration sites compared to the paired reference sites. However, at least for the English
Rotherfield site pair this reflects a confounding of two effects; increased levels of legal hare
shooting on the demonstration site mid-project - possible due to the high numbers of hare
present - and, at the reference site at the same time, new, effective measures to stop hare
poaching that had taken place early in the project.

6.5.%5 ABUNDANCE

Figure 6.4 shows the mean number of hares at both the demonstration and reference sites
for all sites combined. By the end of the project period, the number of hares counted differed
significantly between the demonstration and reference sites. Overall, almost twice as many
hares were observed at the demonstration sites.

At the site pair level, the hare numbers were higher at all demonstration sites, except for
Isabellapolder (Belgium), where numbers were higher at the reference site, and Balgonie
(Scotland), where no difference between the demo and reference site was observed. The
difference between demonstration and reference site was highest at Whitburgh (Scotland)
and Oude Doorn (The Netherlands), with respectively 4 and 7 times more hares recorded at
the demonstration sites (see also Appendix 1.5).

40-

30-

20-

Index
(hares seen /100 ha)

10-

R'ef Delmo

Figure 6.4. The number of hares counted per 100ha at the demonstration and reference sites
for all sites combined (2021-2023). Error bars represent 95% confidence intervals.
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By the end of our project, we counted noticeably more hares at the managed demonstration
sites than at the paired reference sites. This finding underscores the positive impact of
increasing the wildlife habitat area and quality on local farmland biodiversity, including the
brown hare. Moreover, detailed habitat mapping demonstrated that the wildlife-friendly
habitats at our demonstration sites resulted in a significantly higher coverage of both
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beneficial summer (12.5%) and winter (12.3%) habitat for hares by the end of the project
period (Hubbard et al.,, 2023). This, together with a steady increase in hare numbers
throughout the project period at most of our demonstration sites (Fig. 6.2.), indicates that the
habitat improvements, tailored to the grey partridge, equally benefit local hare populations.

However, as was the case with our grey partridge spring monitoring results, we were unable
to identify a substantial trend difference between the demonstration and reference sites.
Again, it is important to consider the influence of our project setup and the selection of
demonstration sites when examining the apparent lack of impact of our management
measures on the trend in hare numbers at our demonstration sites. Specifically for the brown
hare, our habitat mapping revealed that while we succeeded in adding on average 3.3 % more
beneficial summer habitat for hares during the project period, beneficial winter habitat
remained mainly unchanged. Additionally, most demonstration sites started already in a
favourable condition with close to or even exceeding the targeted 7% of beneficial habitat
coverage in 2017 (Hubbard et al, 2023). Although our habitat improvements were
undoubtedly valuable, it might be that they did not manage to have a substantial enough
impact on the local brown hare population trend at our demonstration sites to be detectable
by our monitoring efforts. Alternatively, the local hare populations may already have been
close to or at carrying capacity due to the ample beneficial habitat present at the
demonstration sites from the start of the project, resulting in little response to our additional
habitat improvements. Furthermore, longer time series or larger project sites might be
needed to accurately detect hare population trends across farmland project sites such as ours.

Establishing a clear cause-and-effect relationship between our habitat enhancements and
local hare numbers may have been further complicated by other factors that equally influence
hare populations. Beyond habitat quality, local conditions such as weather, high predation
levels, dispersal, disease, human-related fatalities (e.g. hunting, poaching or road kills) and
methodological errors may equally impact the number of hares counted. As these factors
could not be explicitly quantified in our analysis (owing to a lack of data), their influence
remains speculative and intertwined with the effects of our management measures.

6.5 CONCLUSION

In conclusion, the results of our brown hare monitoring data provide compelling evidence that
enhancing habitat quality beyond the 7% mark, plays a crucial role in supporting local hare
populations in farmland settings. Moreover, they demonstrate that habitat improvements,
tailored to the grey partridge, also benefit local hare populations. Nevertheless, the challenges
posed by trend analysis and the influence of various factors highlight the intricate nature of
brown hare dynamics and the complexities involved in evaluating the relationship between
habitat enhancement and biodiversity.
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Winter weather can pose serious challenges for birds living on modern farmland. Besides an
increased lack of habitat cover for protection from harsh weather and hungry predators,
scarce seed-food availability, especially during the ‘hungry winter gap’ in late winter, adds to
the serious risk of increased winter mortality. In addition to our habitat measures, which
aimed to provide better cover, protection from raptors and a reliable source of seeds into mid-
winter, we provided additional supplementary winter food through feeders at our PARTRIDGE
demonstration sites, wherever it was feasible, to increase and extend seed-food availability
into early spring. The aim was to increase the winter survival-rate of seed-eating, farmland
birds and help them improve their body condition, for the next breeding season (Brewin et al.,
2020).

Besides partridges, other seed-eating birds can benefit from supplementary food (Brewin et
al., 2020). However, supplementary feeding may also attract species regarded as pest species
in agricultural areas (e.g., brown rat, common wood pigeon, and corvids), attract ground-
nesting predators and facilitate disease transmission. To reduce these side effects, best
practices guidelines have been developed to minimise the benefit for pest or ‘un-welcome’
species and maximise the benefit for gamebirds and songbirds (Sanchez-Garcia & Buner,
2017).

While supplementary winter feeding has become a common management tool on shooting
estates across Europe, not all demonstration sites had a recent history of this practice at the
start of the project. For these sites we used camera traps set at feeders to obtain a general
picture of which species used them, and more specifically, how our target species used them.
While we strived to follow the best-practice guidelines as described by Sdnchez-Garcia & Buner
(2017) as closely as possible, deviations in the field nevertheless occurred. Camera trapping
revealed the consequences of these deviations and allowed us to adapt our feeder approach.

To optimise the use of feeders for supplementary winter feeding as part of our PARTRIDGE
management toolbox, camera traps were placed at a selection of feeders at several

demonstration sites. More specifically the camera trap monitoring allowed us to:

1) provide an insight into the use of the feeders by different categories of species

2) evaluate the impact of the best-practice guidelines
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72 METHOD

/21 SITES

Monitoring wildlife visiting feeders using camera traps is not a job that should be
underestimated. We therefore restricted our monitoring to three of our ten demonstration
sites.

We used camera trapping at two sites with no recent history of supplementary feeding,
namely Balgonie (Scotland) and Oude Doorn (The Netherlands). Here, we managed the
feeders ourselves according to current best-practice guidelines (Sanchez-Garcia & Buner,
2017). Additionally, we monitored feeders in our demonstration site Ramskapelle (Flanders,
Belgium), where local hunters already ran their own winter feeder management for many
years. At the latter we provided in-depth advice to the hunters on how to use feeders
according to the best-practice guidelines mentioned above.

In Belgium, we were also interested in evaluating the impact of the best-practice guidelines
since we noted, early on in the project, that despite our advice most feeders were not always
managed according to the best-practice guidelines by the local stakeholders. More specifically,
the height of the nozzle was not always respected, a rat-proof nozzle was not used, the feeders
were not moved frequently, and they were not always placed in the open fields. As our project
aimed at demonstrating best examples, we set up a small field trial in Belgium during which
we managed four feeders ourselves. We monitored the use of these feeders by camera
trapping, while simultaneously monitoring four nearby feeders managed by the local
stakeholders.

722 PERIOD

Across all sites, we used camera trapping in five subsequent winters, from the winter of 2017-
2018 until the winter of 2021-2022. At each site, however, the data originates from four
different winters. At demonstrations sites in both Scotland and Belgium there was no data
collected in the first winter 2017-2018, while the demonstration site in The Netherlands did
not collect data in the winter of 2018-2019. The additional field trial in Belgium was restricted
to the winters of 2020-2021 and 2021-2022.

Supplementary winter feeding can take place during the whole winter from October-April but
is most important from February until the end of April. Camera traps were placed on the 16%
of October at the earliest and removed on the 22" of April at the latest. To assess overall use
of the feeders at the three demonstration sites, we placed camera traps at 45 feeders for a
total of 1,662 monitoring days, spread roughly equally across the three sites (Table 7.1).
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Table 7.1. Overview of the number of feeders, the total number of days that feeders were
monitored and the mean number of monitoring days per feeder per demonstration site.
Mean number of

Country Number of Number of feeder- o
, L monitoring days per
(site) feeders monitoring days
feeder

Belgium*

16 515 27.1
(Ramskapelle)
The Netherlands

11 525 43.8
(Oude Doorn)
Scotland

. 18 622 22.2

(Balgonie)

*All managed by local stakeholders.

Note that the feeders in Belgium (Table 7.1) were all managed by the local stakeholders who
were hunters or farmer/hunters. For the field trial evaluating the impact of the best-practice
guidelines, we selected a subset of four of these feeders to compare to four additional feeders
managed by INAGRO, our project partner, in accordance with the best-practice guidelines
developed in England (Sanchez-Garcia & Buner, 2017). This trial was repeated for two winters,
resulting in eight feeders of the above dataset being used for the comparison with eight
additional best-practice feeders managed by INAGRO. Table 7.2 gives an overview of the
dataset resulting from this field trial.

Table 7.2. Overview of the number of feeders, the total number of days that feeders were
monitored and the mean number of monitoring days per feeder per management type in
Belgium.

Mean number of
Number of Number of feeder- !

Management monitoring days per
£ feeders monitoring days ES R
feeder
Traditional
(managed by 8* 378 37.8

local stakeholders)

Best-practice
(managed by INAGRO)

8 251 27.9

*Part of the cohort listed in Table 7.2.
7235 DATA COLLECTION

Two models of infra-red camera traps were used for monitoring, namely Acorn LTL 5210® in
Scotland and The Netherlands, and Dérr Snapshot Black 5.0 mp® in Belgium. As described by
Sanchez-Garcia & Buner (2017), the cameras were placed approximately 1.5m from the
feeders and put at a height of 25-40 cm above ground. Camera traps worked continuously
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(day and night), taking one photograph when triggered, with a delay between triggers of
approximately 15 second. This could vary slightly depending on the type of camera.

The photographs obtained by the camera traps were uploaded in Agouti (https://agouti.eu/),
an online application for handling camera trap data from wildlife surveys. After entering the
feeder location and the deployment details, Agouti automatically pulls timestamps and other
metadata from the images and groups images in sequences that represent the same event.
Each image sequence is then inspected manually and annotated with one or more
observations employing an easy-to-use interface. Twenty-eight research assistants and
volunteers categorised the observations based on species, number of individuals, sex, and
age.

/24 DATA PROCESSING

The data from Agouti was exported as a Camera Trap Data Package (Camtrap DP), a
community developed data exchange format for camera trap data. All subsequent analyses
were performed in Rv.4.3.0 (R Core Team, 2023).

Since Agouti pulls the timestamps from the images directly, it is important that the time and
date were set correctly on the camera traps in the field. Deployments with incorrect settings
were therefore excluded from the analyses.

Manually inspecting and identifying the image sequences obtained through camera trapping
is a time-consuming process. Despite the effort of 28 research-assistants and volunteers, not
all image sequences uploaded to Agouti could be identified with the available resources. We
excluded deployments in those cases where less than 75% of the image sequences was
identified.

Image sequences were identified at the species level whenever possible. Where this was not
possible, the observations were identified at the genus or order level. We excluded
observations of humans and domestic dogs, and a single observation of a wild boar (Sus
scrofa). For the ease of interpretation, we grouped the resulting identifications into 10
categories, namely pheasant, partridge, songbirds, corvids, pigeons, rodents, Lagomorphs
(hares and rabbits), predators, waterbirds, and roe deer (Table 7.3).

Analysing the photographs from camera traps can be challenging. When looking at the
different species visiting our feeders, it became clear that their feeding behaviour had an
impact on the number of photographs taken and the interpretation of a single visit. For
example, a species can visit the feeder only once but for a long time, or frequently for short
times during a single day. This complicates the comparison of feeder use between different
species. To circumvent these issues, we recorded whether a species visited the feeder during
a specific monitoring day. The first day of deployment and the day that camera traps were
picked up were excluded from this dataset as they did not cover a full 24 hours.
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Since we evaluated the impact of the best-practice guidelines at the level of the species or
category, the issues mentioned above did not arise. For this analysis we recorded the number
of visits to the feeders per 15-minute interval. This allowed more detailed analyses.

Table 7.3. Categorization of the observations based on species, genus, or order.
Category Species, genus, or order
pheasant Phasianus colchicus

partridge Perdix perdix

songbirds Chloris chloris, Emberiza citrinella, Emberiza schoeniclus, Erithacus
rubecula, Fringilla coelebs, Passer domesticus, Passer montanus,
Passeridae, Passeriformes, Prunella modularis, Turdus merula

corvids Corvus corone, Corvus frugilegus, Corvus sp., Pica pica, Garrulus
glandarius, Corviaae, Coloeus monedula

pigeons Columba oenas, Columba palumbus, Streptopelia decaocto, Columbidae,
Columba livia

rodents Rattus sp., Rodentia, Apodemus sylvaticus, Rattus norvegicus

Lagomorphs = Lepus europaeus, Oryctolagus cuniculus

predators Accipitriformes, Buteo buteo, Felis catus, Felis sp., Martes foina, Meles
meles, Tyto alba, Vulpes vulpes, Falco tinnunculus, Strigiformes, Mustela
erminea

waterbirds  Anas platyrhynchos, Ardea cinerea, Gallinula chloropus, Rallus aquaticus,
Tadorna tadorna, Chroicocephalus ridibundus, Alopochen aegyptiaca

roe deer Capreolus capreolus

/242 Analysis

We used a logistic regression model to calculate the daily observation probability to assess
overall use of our feeders by animals in the different species categories. In this model the
response variable was whether or not there was an observation of an individual within a
category. We used the ‘country of the demonstration site’ as a fixed effect, and, as random
variables, added the ‘feeder individual id code’ (to account for effects related to the feeder
itself), the ‘days since the beginning of winter’ (to account for differences within the season)
and ‘year’ - coded 1-5 (to account for differences between the five winters). The model was
run for each species category separately.

The INLA package (Rue et al., 2009) was used to specify and fit a Bayesian logistic regression
model. The feeder effect and the winter effect were modelled using an independent and
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identically distributed (iid) random effect, while the day of the season effect was modelled as
a second-order random walk (rw2). We applied a binomial distribution.

In summary, this logistic regression model was used to calculate the daily observation
probability of a category of species per country, considering effects related to the feeder,
changes through the season, and across the different winters.

A different model was used to assess the impact of the best-practice guidelines in Belgium.
For this analysis, we used a Bayesian generalised linear mixed regression model to calculate
the number of observations during a 15-minute interval. We used this value as the response
variable. We used ‘winter - i.e., year’ and the ‘'management type’ (traditional or best-practice)
as fixed, categorical effects. We added the ‘geographic location’ of the feeders (to account for
spatial autocorrelation), the ‘days since the beginning of winter’ and the ‘time of the day’ as
random effects. The ‘geographic location’ was modelled as a Gaussian field with Matérn
correlation function, while the ‘days since the beginning of winter’ and the ‘time of the day’
were modelled as a second-order random walk (rw2). The model utilised a Poisson
distribution.

This allowed us to isolate the effect of management from the other effects. The model was
run for each category of species separately.

7.5 RESULTS

751 OVERALL USE OF THE FEEDERS

Figure 7.1 illustrates the results of the overall use of the feeders for the three demonstration
sites. The significance of the cross-country comparisons is given in Table 7.4.
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Figure 7.1. Daily observation probability per species category and country: point estimate and
95% credible interval. During the monitoring period, there was only one observation of a roe
deer in Belgium and one observation of a waterbird in Scotland. No results are presented for
that category/country combination.

Table 7.4. Comparisons between demonstration sites in daily observation probability for each
species category (BE: Belgium, NL: The Netherlands, SC: Scotland).

Category BE-NL |[NL-SC |BE-SC
Partridge - - -
Pheasant - * *
Songbirds - - *
Pigeons * - *
Rodents * - *
Corvids * - -
Waterbirds * NA NA
Lagomorphs & - &
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Predators = = -

Roe deer NA b NA
*PpP<0.05.

Considering our target species (grey partridge, pheasant, and songbirds) pheasants were
visiting our feeders most frequently, especially our demonstration sites in Belgium and The
Netherlands. In demonstrations sites in both countries, the pheasant was also the most
frequent visitor across all categories, while in Scotland, only roe deer had a higher probability
of visiting the feeders. Songbirds, on the other hand, were using the feeders relatively
frequently in Scotland, but to a lesser extent in The Netherlands and even significantly less in
Belgium. This effect was driven by Yellowhammer (Emberiza citrinella), which were recorded
in high numbers at our Scottish demonstration site, while at our Belgian and Dutch
demonstration sites yellowhammer did not occur. The grey partridge did not visit the feeders
very often; this was consistent across all sites.

When considering pest or ‘un-welcome’ species, namely pigeons, rodents and corvids, there
was a clear significant difference between demonstration sites in Belgium and the other sites
(except for the difference of corvids in Scotland, which was not significant). There was no
significant difference between Scotland and The Netherlands for these categories. These
species occurred more often at the feeders in Belgium, especially rodents and pigeons.

Waterbirds were also visiting the feeders in Belgium, but significantly less so in The
Netherlands. Only one observation of one waterbird was recorded in Scotland. Hares and
rabbits were observed significantly more frequent at the demonstration site in Belgium,
compared to the demonstration sites in the other two countries, where their visiting rate was
low. Regarding predators, these visited the feeders significantly more in Belgium and Scotland
(no significant difference between demonstration sites in these countries) as compared to The
Netherlands. While this category contains a broad range of species, the main species recorded
where the red fox and domestic cat.

As mentioned earlier, in Scotland roe deer was the species that visited the feeders the most.
They were rarely observed at the demonstration site in The Netherlands, and in Belgium only
one observation was made.

In addition to calculating the overall daily observation probability itself, the model also allowed
us to look at the effect of the different winters and the use throughout the season. For five
categories of observations (partridge, songbirds, pigeons, waterbirds, hares and rabbits) there
was no difference between the winters. For the other five categories (pheasant, rodents,
corvids, predators, and roe deer), there were differences between years, but there was no
clear overall pattern. For roe deer, hares and rabbits there was no change in visiting rate over
the winter season. For the other categories we noted a trend during the season (Figure 7.2
and 7.3). Rodents was the only category where the daily observation probability decreased as
the season progressed. For the other species (partridge, pheasant, songbirds, pigeons,
corvids, waterbirds, and predators), the use of the feeders increases as the winter proceeded,
reaching its maximum by the end of the feeding period at the end of April.
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Figure 7.2. Relative effect (% of the maximum) of the day in the season on the daily observation
probability for pheasant, partridge, songbirds, and waterbirds.

63



200% - — Corvids 200% - — Pigeons

150% - 150% -

0% — = == == == == m e iap 100% S e e i s e e S s

90% - 50% -

0% - 0% -

Nov Dec Jan Feb Mar Apr May Nov Dec Jan Feb Mar Apr May
200% - — Rodents 200% - — Predators
150% - 150% -
100% — -

50% - 50% -

0% - 0% -

Nov Dec Jan Feb Mar Apr May Nov Dec Jan Feb Mar Apr May

Figure 7.3. Relative effect (% of the maximum) of the day in the season on the daily observation
probability for corvids, pigeons, rodents, and predators.

/.32 IMPACT OF THE BEST-PRACTICE GUIDELINES

Given the smaller dataset of the field trial, there were not enough observations to assess the
effect of the best-practice guidelines for all categories of species. Hence the assessment could
only be made for the categories that visited the feeders frequently in Belgium (see also Figure
7.1), namely pheasant, rodents, pigeons, and corvids. The model allowed us to assess the
difference of the management type on the number of observations per 15-minute intervals.
For ease of interpretation, we transformed the number of observations per 15-minute interval
to the number of days required for one observation (Figure 7.4). This means that the more
days that are required for one observation, the less frequently members of this category were
visiting the feeders.
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Figure 7.4. The number of days per observation for each species category for each
management type in Belgium (site Ramskapelle): point estimate and 95% credible interval.
Significant differences are marked with an *,

Figure 7.4 shows a clear reduction in the visits of the feeders by rodents and corvids, both
considered pest and ‘un-welcome’ species, at the feeders managed in line with best-practice
guidelines. For the other ‘un-welcome' species, namely pigeons, no difference could be
detected. There was also no difference in the number of visits for pheasant between the two
types of feeder management.

7.4 DISCUSSION

Providing supplementary winter food through feeders is part of our PARTRIDGE management
toolbox. Despite being a time-consuming monitoring method, camera trapping gave us an
insight as to which species were visiting our feeders and how frequently they visited.

The pheasant was the most frequent visitor on demonstration sites in Belgium and The
Netherlands, and the second most frequent in Scotland. While pheasants were released on
hunting grounds bordering our demonstration site in Scotland, this practice was not allowed
at the other sites. Although there was no recent history of feeders at the Scottish site, the
presence of pen-reared pheasants near the borders, which were habituated to feed hoppers,
might have contributed to their high use of the feeders there. Since the local stakeholders in
Belgium already managed feeders at the two Flemish demonstration sites, the pheasants
might also have been habituated to the feeders. Habituation, however, cannot explain the
high use of the feeders in The Netherlands, as there was no history of feeders and no release
of pheasants.

The other target species, namely the grey partridge, did not visit the feeders very often, with
daily observation probabilities below 10% in all countries. This further supports our
hypothesis that supplementary winter feeding may not be strictly necessary for this species
during mild winters. Practical experience by hunters across Europe indicate, that
supplementary winter feeding can be an important measure to get partridges through
freezing and snowy winter periods. However, such harsh conditions did not occur during our
project (except a short-lived 3-week period with snow cover in 2021). Unsurprisingly, we were
unable to detect any winter effect on their feeder use. Supplementary winter feeding has
been shown to improve body condition prior to egg laying in pheasants (Draycott et al., 1998)
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and Brewin et al. (2020) therefore suggest this effect may also occur in partridges. Winter
feeding might also reduce post-winter dispersal although this has not been scientifically
tested. However, neither of these aspects were assessed in this project.

Songbirds, as a target group, were visiting the feeders mostly at the demonstration site in
Scotland, but were not observed that often at the demonstration sites in the other countries.
One species had a large effect on these differences, namely Yellowhammer, which were
observed in high numbers in Scotland, but were absent in the sites in Belgium and The
Netherlands. The absence or lower abundance of songbirds eating larger seeds, such as
wheat, might explain the lower observation probability of this group in the latter countries. In
addition, the use of a special rat-proof cylinder instead of a spiral to distribute the food might
have reduced the use of the feeders by songbirds in The Netherlands, since less food was
spoiled on to the ground and therefore available for small birds.

The pest or ‘un-welcome’ species, pigeons, rodents, and corvids, visited the feeders more
frequently in the demonstration site in Belgium compared to demonstration sites in the other
countries, where the levels of visitation for these categories were comparable. The field trial
in Belgium may indicate that this was at least partially due to not following all the best-practice
guidelines for the management of the feeders. Best-practice feeder management had a high
impact, especially on the visits of rodents. In Scotland and The Netherlands, the feeder
management strategy was in line with these guidelines. Our experimental results underline
the fact that the best-practice guidelines can reduce the negative side effect of feeding pest
species, not only in the UK, but also in Belgium, and the lower level of pest visits with best-
practice management in The Netherlands suggests that this will hold across Western Europe.

In Scotland, roe deer were the most frequent visitors to the feeders. As local roe deer
abundance was low at the other sites, they were rarely observed at the feeders. Roe deer can
knock over the feeders. In these cases, the use of well-framed feeders with excluders may be
considered. However, frames and wire mesh can be used by rats, climbing to better access
food. We therefore opted for solid tripod feeders which can cope with some interference from
roe deer.

Another potential negative side effect of the use of feeders is the attraction of predators.
Predators visited the feeders more often at demonstration sites in Belgium and Scotland
(around 11%) as compared to the Netherlands (3%). Although this group contains a broad
range of species (both mammals and raptors), the main species where the red fox and
domestic cat.

The daily observation probabilities of hares and rabbits reflect our hare monitoring results
(see chapter 6); significantly higher at the demonstration site in Belgium compared to the
other countries. Hence, this difference between countries might be explained by a difference
in local abundance.

The last group to consider were the waterbirds. Only one observation was made in Scotland
(Balgonie does not have any ditches or other open water features) and visits to the feeders by
waterbirds in The Netherlands were also rare (3%). In Belgium the observation probability was
nearly 13%, almost certainly reflecting higher waterbird numbers at our Flemish sites (despite
an extensive network of ditches and canals at both the Flemish and the Dutch demonstration
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sites), although we do not have abundance data for comparisons as waterbirds were not
specifically monitored during bird surveys.

For most species we detected a difference in the use of feeders through the season. While for
rodents there was a decline in their visits to the feeders, the use of the feeders by many other
species increased as the winter proceeded. This might be explained by an increase in daylight
during our monitoring period, namely from October until April. The difference between the
shortest day on 21/22 December and the longest day at the end of April is nearly 7 hours.
Diurnal animals therefore had more time to visit the feeders at the end of the monitoring
period, while nocturnal animals, such as rodents, had less time. Another hypothesis is that, as
the availability of seeds in the field shrinks, the feeders become more important for these
species as an alternative food source. This agrees with the results of wintering bird monitoring,
which shows a decline in the use of the habitat measures providing seed resources towards
the end of the winter season, as those seed-resources are apparently depleted (see Chapter
5).

75 CONCLUSION
/e N\ CLUODI\Y

In conclusion, our camera trapping data provides further insights into the use of feeders for
target and non-target species. Our results further support the findings of Sanchez-Garcia et
al. (2015) on which the best-practice guidelines on how to manage feeders are based. We
confirmed the significant effect of these guidelines to reduce the use of ‘'un-welcome’ species,
in particular rodents and corvids. The data also validates our recommendation that the
usefulness of supplementary winter feeding by feed hoppers is most important from February
until the end of April. Rodents benefit the most from feeding early in the autumn/winter and
target species the most towards the end of the winter period. Overall, our results highlight the
need for further adoption of the best-practice feeder guidelines, especially by hunters, who
tend to favour traditional management practices over new best-practice guidelines. This
underlines the need for good advice or improved legislation to bring about behavioural
change.
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Appendix | — Site specific results

APPENDIX LT = GREY PARTRIDGE

APPENDIX 11.7: ABUNDANCE — MEAN NUMBER OF COUNTED PARTRIDCES PERSITE-
PAIR. Note different y-axis.
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APPENDIX .2 = BREEDING BIRDS

APPENDIX [.2.1: BREEDING BIRD SPECIES PRESENT AT THE DIFFERENT SITE PAIRS

Landscape Species Belgium England Germany Scotland Netr;rer;?ands
Small- Linnet X X X X X
field Tree Sparrow X X X X X
Turtle-Dove X
Goldfinch X X X X X
Whitethroat X X X X X
Grey Partridge X X X X X
Lesser Whitethroat X X X X
Red-backed Shrike X
Yellowhammer X X X
Semi-open Kestrel X X X X
Stonechat X X X X
Rook X X X
White Wagtail X X X X X
Open Corn Bunting X
Meadow Pipit X X X X X
Northern Lapwing X X X X
Sky Lark X X X X X
Yellow Wagtail X X X X
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APPENDIX 22 ABUNDANCE - MEAN ANNUAL NUMBER OF BREEDING
TERRITORIES AT THE DIFFERENT SITE PAIRS. Note different y-axis.
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Open landscape bird species. Note different y-axis.
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APPENDIX 123 DIVERSITY — MEAN ANNUAL NUMBER SPECIES WITH BREEDING
TERRITORIES AT THE DIFFERENT SITE PAIRS
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Semi-open landscape bird species. Note different y-axis.
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APPENDIX 1.3 -

OVERWINTERING BIRDS

APPENDIX 131 OVERWINTERING BIRD SPECIES PRESENT AT THE DIFFERENT SITE

PAIRS

Seed eaters

Species

Brambling
Chaffinch
Linnet

Tree Sparrow
Goldfinch
Greenfinch
Gray Partridge
Reed Bunting
Sky Lark

Yellowhammer

BE
Isabellapolder

X

X X X X X X X X

BE NL NL
Ramskapelle  Burgh-Sluis ~ Oude Doorn
X X X
X X X
X X X

X
X
X
X
X
X X X

EN
Rotherfield

SC

Balgonie

X X X X X X X X X
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Other birds

Species

Blue Tit
Common Wood-Pigeon
Blackbird

Collared-Dove

Jackdaw

Magpie

Robin

Starling

Fieldfare

Great Tit

House Sparrow
Meadow Pipit
Northern Lapwing
Redwing
Ring-necked Pheasant
Rook

Song Thrush
Stock Pigeon

Wren

BE
Isabellapolder

X

X X X

X X X X X X X X X X X

BE
Ramskapelle

X

X X X

X X X X X X X X X X X

NL
Burghsluis

X

X X X X X X X X X X X X X X

>

NL
Oude Doorn

X

<X X X

X X X X X X X X X X X X

EN
Rotherfield

X
X

> X X X X X X

X X X X X X

SC
Balgonie

X
X

X X X X X X X
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APPENDIX 132 ABUNDANCE - MEAN NUMBER OF BIRDS OBSERVED PER
COUNTING CIRCLE AT THE DIFFERENT SITES. DEMO+ WITH MEASURES,

DEMO WITHOUT MEASURES. Note logged y-axis.
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APPENDIX 1133 POINT DIVERSITY — MEAN NUMBER OF BIRD SPECIES OBSERVED

PER COUNTING CIRCLE AT THE DIFFERENT SITES. DEMO+ WITH MEASURES,
DEMO WITHOUT MEASURES.
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APPENDIX [ 4.4 YEAR DIVERSITY - MEAN NUMBER OF BIRD SPECIES OBSERVED
PER YEAR AT THE DIFFERENT SITES. DEMO+ WITH MEASURES, DEMO
WITHOUT MEASURES.
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APPENDIX .4 - BROWN HARE

APPENDIX [.4.1: ABUNDANCE = MEAN NUMBER OF COUNTED HARES PER SITE-PAIR.

Note different y-axis and lack of numlbers on the y-axis for the Belgian sites.
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A counting form must always contain the following information:

= Date

= Start time and stop time

= Names of participants

» Weather condition (especially fog, snowfall, stormy rain, strong wind, full moon) and
temperature

All observations and their exact location should be recorded on a detailed map of the area. It
is recommended that the map contains field edges, site boundaries and the predetermined
transects. Observations are numbered consecutively. Note that multiple observations can be
made from the same transect. A group of animals is noted as one observation. The exact
observation time and special remarks can be noted on a separate counting form (provided
below).

Based on the species-specific counting method, the following counting instructions are
recommended:

Brown hare (Lepus europaeus)
A complete log of the observations should contain the following information:

= Transect number

*= Observation time

» Animal species (for the various observed species a specific code can be used, e.g.: H
= hare, R = rabbit, F = fox, C = cat, ? = unknown)

=  Number of animals

When entering the observations on the map, the following code is proposed:

Number of the observation - species code - number of
animals

For example, the code 5H4 corresponds to the 5th observation of that night which is a group
of 4 hares. On the back of the map, more details regarding this observations can be written
(especially the number of the transect from which this observation was made and the time of
the observation!).

Grey partridge (Perdix perdix)
The line-transect playback method used for partridge spring counting, provides a clear and

standardized way of gathering field data to avoid mistakes in the interpretation of the field
data at a later stage.
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A complete log of the observations should contain the following information:

= Transect number

*= Observation time

» Total number of partridges heard or seen

» Type of observation: solitary (one individual), pair (two individuals: male and female)
or a covey (two males or more than two individuals)

* Number of calling individuals (number heard)

=  Number of individuals seen (number seen)

Examples of counting forms for both species (brown hare and grey partridge) are provided
below:
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Hare count

Area: Date: / /

Names of counter(s):

1.

2.

3.

Wind: Temperature: °C

calm(0 - 1 Bf) | weak ( 2 - 3 Bf) | moderate (4 - 6 Bf)

Rain: Remarks (fog, snow, ...):

None | drizzle | showers

Clouds:

0-33%| 33-66% | 66 -100%

Start: __h_ Stop: ___h_

Observation n° (same as map) Transect | Time | Species Remarks
Number of individuals

1 3 20:35 | 1R

2 6 21:05 | 3H2

3 7 21:50 | 671 Dog?

4

5

6

7

Figure I1.1.2 Counting form hare monitoring
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Partridge spring count

Area: Date:  / /

Names of counter(s):

1.

2.

3.

4.

5.

Wind: Temperature: °C

calm(0 - 1 Bf) | weak { 2 - 3 Bf} | moderate (4 - 6 Bf)

Rain: Remarks (fog, snow, ...):

none | drizzle | showers

Clouds:

0-33% | 33-66% | 66 -100%

Start: _h_ Stop: __ _h_ maorning / evening count
Observation n® | Transect | Time | Total N°  [Type of N° Seen |N° Heard | Remarks
(same as map) of observation
partridges |(SINGLE, PAIR,
COVEY)
1 1 18h35 | 1 SINGLE 1 1 Calling
loudly
2 3 19h25 | 5 COVEY 5 2
3

Figure 11.2.3 Counting form partridge spring monitoring




Appendix [l — Model specifications
APPENDIX I11.1 = GREY PARTRIDGE AND BROWN HARE

APPENDIX TLTT =TREND ANALYSIS

This section provides more detailed information on the generalised mixed-effects model
described in Section 2.2.3.2.

library(INLA)
model <- inla(
Count ~
(
Site, "iid",
list( list( "pc.prec", c(0.2, 0.05)))
) +
(
cYear, "rwl", iSite,
list( list( "pc.prec", c(0.1, 0.05)))
)>
, "nbinomial™, dataset,
list( TRUE, TRUE),
list( 1)

)

The offset term depends on the monitoring data: the viewshed area (log_km?) was used for
the hare count data, while the total transect length (log_km) was used for the partridge spring
data.

The inla.posterior.sample() function was used to generate 1000 posterior samples from the
Bayesian model specified above.

n_sim <-

inla.posterior.sample(n = n_sim, model)

APPENDIX 1111.2 = ABUNDANCE

This section provides more detailed information on the generalised mixed-effects model
described in Section 1.2.3.3.

library(1lme4)

model <- glmer.nb(Count ~ Type + (1 | Group/cYear) + (1 | Site) +
offset( ) dataset)

The offset term depends on the monitoring data: the viewshed area (log_km?) was used for
the hare count data, while the total transect length (log_km) was used for the partridge spring
data.
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The drop1() function was used to assess the significance of our type variable (demonstration
vs. reference) based on a chi-squared test.

dropl(model2, "Chisq")

The ggpredict() function from the ggeffects package was used to calculate predicted values
(including lower and upper confidence levels) for both types of sites.

APPENDIX 1.2 = SUPPLEMENTARY WINTER FEEDING

This section provides the R code with the specific settings for the analysis. For a description of
the model and the variables please refer to Chapter 7.

APPENDIX [I1.21-OVERALL USE OF THE FEEDERS

library(INLA)

model <- inla(
Observation ~ country

(
feeder_ID, "iid",
list( list( "pc.prec”, c(0.2, 0.05)))
) +
(
day_of_the_season, "rw2", cyclic = FALSE, scale.model = TRUE,
list( list( "pc.prec”, c(9.01, 0.05)))
) +
(
winter, "iid", cyclic = TRUE, scale.model = TRUE,
list( list( "pc.prec", c(0.2, 0.05)))
)>
"binomial",
dataset,
list( TRUE, TRUE),
list( 1)
)
APPENDIX 1121 = IMPACT OF BEST-PRACTICE GUIDELINES

To take spatial autocorrelation into account, geographic location (Belgian Lambert 72
coordinates, EPSG:31370) was modelled as a Gaussian field with Matérn correlation function.

matern <- inla.spde2.pcmatern(
mesh = mesh, prior.range = c(500, 0.01), prior.sigma = c(0.5, 0.5)

)

Arange0 in the prior.range of 500 was used for all species groups, except for rodents for which
a smaller range0 was chosen, namely 200.

library(INLA)
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model <- inla(
Observations_per_15min_interval ~ © + intercept + winter + management +

f(
site, matern,
) +
f(
day_of_the_season, "rw2", cyclic = FALSE, scale.model = TRUE,
list( list( "pc.prec”, c(9.01, 0.05)))
) +
f(
time_of day, "rw2", cyclic = FALSE, scale.model = TRUE,
list( list( "pc.prec”, c(9.001, 0.05)))
)>
" poisson",
inla.stack.data(dataset_stack),,
list( TRUE, TRUE),
list(
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