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1 Introduction 

Germany’s farmland, covering approximately half of its land area (about 16.5 
million ha), mainly consists of arable land (~70%) and managed grassland 
(~28%), while only a small share is used for permanent crops (e.g. orchards, 
vineyards, or hop plantations). The diverse farmland systems exhibit regional 
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variation (Dou et al., 2021), refecting local biophysical conditions and farming 
practices, and are crucial for food production and as habitat for diverse fora 
and fauna. Main crops include cereals (wheat, barley, and rye), maize, rapeseed, 
sugar beet, and potatoes (Blickensdörfer et al., 2022), with varying feld sizes 
across Germany characterised by large felds in the north-east and smaller 
felds in the south and south-west (Jänicke et al., 2024). Intensively managed 
grasslands are mainly located in the north-west and in the southern pre-alpine 
regions (Schwieder et al., 2022). Linear landscape elements (e.g. hedgerows 
and feld margins) and semi-natural habitats (e.g. shrub and tree patches) 
contribute to habitat quality, with highest shares (up to 10% for hedgerows 
and small woody features, up to 28% for trees outside forests) in the north-
west and centre of Germany (Muro et al., 2025). About 14% of Germany’s 
farmland is considered High-Nature-Value (HNV) farmland (Hünig and Benzler, 
2017), highlighting its importance for both food production and biodiversity 
conservation (German National Academy of Sciences Leopoldina et al., 2020). 

Farmland biodiversity is under signifcant pressure, in Germany but also 
globally, due to intensifed agricultural practices and reduced landscape 
heterogeneity that often co-occur spatially and reinforce each other (Batáry 
et al., 2017; Kleijn et al., 2009; Martin et al., 2019; Rigal et al., 2023; Seibold 
et al., 2019). Key drivers of farmland biodiversity loss in Germany include the 
use of synthetic fertilisers and pesticides, removal of semi-natural landscape 
elements, conversion of natural ecosystems to farmland, and shifts towards 
reduced structural and functional crop diversity. Additional pressures (e.g. 
drainage of wet grass- and peatlands, intensive soil cultivation) further 
contribute to aboveground and belowground biodiversity loss on Germany’s 
farmland (Wirth et al., 2024). 

Despite stabilising or even regressing trends in some pressure indicators 
over the last two decades (e.g. stabilising pesticide sales, slightly decreasing 
pesticide loads, decreasing nitrogen surplus), species diversity and/or 
abundance continue to decline on Germany’s farmland (Wirth et al., 2024), 
which may indicate extinction debts (Kuussaari et al., 2009; Löffer et al., 2020). 
Over half of the habitat types protected under the EU Habitats Directive (Council 
Directive 92/43/EEC) are in unfavourable conditions in Germany, particularly 
those on farmland. The loss and degradation of farmland habitats in Germany 
is refected by substantial declines in the richness and abundance of farmland-
characteristic species, as shown for farmland birds (Kamp et al., 2021), grassland 
arthropod communities (Seibold et al., 2019), and grassland butterfy species 
(Harpke et al., 2025), but also for arable wild fora, wet grassland plant species, 
other insect groups (e.g. wild bees and hoverfies), bats, and amphibians (Wirth 
et al., 2024). Major knowledge gaps remain for other taxonomic groups, such 
as soil organisms but see Labouyrie et al. 2023, most insects, lichens, fungi, and 
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mosses. Furthermore, intra-specifc genetic diversity is also being lost, affecting 
both wild and domesticated plant and animal species but see Leigh et al. 2019. 

Given the critical role of biodiversity in maintaining ecosystem functions, 
monitoring farmland biodiversity patterns and trends is crucial for understanding 
land-use change impacts on biodiversity and ecosystem services, and for 
developing effective and sustainable land-management and conservation 
strategies (Bayr et al., 2023; Yoccoz et al., 2001). Farmland biodiversity 
monitoring complements nature conservation monitoring by explicitly targeting 
agricultural landscapes beyond protected species and habitats (cf. EU Birds and 
Habitats Directive). It should focus on key farmland species, ecosystem functions 
and services, and habitat indicators using multi-scale approaches combining 
feld observations, Earth Observation (EO), and modelling (Yoccoz et al., 
2001). Such combination of methods, data, and insights is and will be critical 
to support decision-making by tracking progress towards biodiversity targets 
and to evaluate policy effectiveness, e.g. of agri-environmental and climate 
measures (AECMs). Despite being often considered costly, which might prevent 
its implementation (Caughlan and Oakley, 2001; Geijzendorffer et al., 2016), 
integrating farmland biodiversity monitoring into policy frameworks, such as the 
Common Agricultural Policy (CAP), is essential for informed decision-making and 
demonstrating commitment to addressing biodiversity concerns (Geijzendorffer 
et al., 2016; Naidoo et al., 2006; Pe’er et al., 2014). 

2 Biodiversity monitoring in German farmlands 

We here focus on operational biodiversity monitoring programmes that are 
established at national level (i.e. in at least all German area states) and contribute 
to the objectives of tracking farmland biodiversity trends and evaluating the 
effectiveness of conservation efforts (Herzog and Franklin, 2016). We only 
consider programmes that are already implemented or nearing implementation, 
and that conduct repeated measurements of farmland habitats and/or species 
to detect trends over time. Notably, our focus excludes specialised monitoring 
programmes, such as those under the Habitats Directive (i.e. FFH monitoring), 
which typically target specifc (i.e. rare and threatened) species and habitats, 
and instead encompass broader initiatives that also track common species and 
habitats at a national scale. We include the farmland biodiversity monitoring 
framework MonViA due to its explicit focus on agricultural landscapes (see 
Section 3 for a detailed description and illustrative use cases of MonViA). 

2.1 Synthesis of monitoring programmes 

A nationwide, standardised, and coordinated farmland biodiversity monitoring 
framework, encompassing multiple species groups and habitat types, is 
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currently lacking in Germany. However, an array of independent, decentralised, 
and heterogeneous monitoring programmes with varying objectives generate 
datasets that are currently used for farmland-related biodiversity assessments 
(Geschke et al., 2019). These programmes differ considerably regarding their 
spatial and temporal coverage, thematic scope, taxonomic coverage, methods, 
and institutional anchoring (Table 2-1). Despite these differences, existing 
programmes serve as a central backbone for nationwide farmland biodiversity 
monitoring in Germany. 

Spatial coverage: The majority of biodiversity monitoring programmes 
in Germany that encompass farmlands are implemented at the national level, 
with delegated responsibilities to the federal states. Implementation is usually 
delegated to regional authorities or institutions (e.g. federal states and related 
state agencies). Several programmes (e.g. CBBS, HNV farmland monitoring, 
MonViA, EM, GIMS; Table 1) utilise stratifed sampling designs to ensure 
representative coverage across different land-cover types and geographic 
regions (Streitberger et al., 2024), while others rely on volunteer-defned 
sampling locations (e.g. TMD). Most programmes rely on spatial samples 
(e.g. points or transects), and thus do not provide comprehensive, spatially 
continuous data on farmland biodiversity and its dynamics, with the exception 
of remote sensing–based habitat diversity indicators (e.g. MonViA). 

Thematic scope: Current programmes encompass a broad range of thematic 
objectives and foci. Species and population monitoring predominantly targets 
birds (Kamp et al., 2021), butterfies (Harpke et al., 2025; Kühn et al., 2025), 
and insects (Streitberger et al., 2024) through schemes such as CBBS, TMD, 
and the still to be implemented GIMS. Impacts of agricultural management are 
assessed within MonViA by linking species data with land-use data (Frank et al., 
2024). Habitat quality is assessed through programmes like HNV farmland 
monitoring by evaluating the ‘ecological quality’ of habitat categories based on 
predefned criteria (Hünig and Benzler, 2017), and the still to be implemented 
EM (Ackermann et al., 2023). 

Taxonomic coverage: Current programmes also vary in both taxonomic 
focus and detail. Certain taxonomic groups, such as birds (e.g. CBBS) and 
butterfies (e.g. TMD), are comparatively well covered, benefting from long-
term datasets and strong institutional or citizen science support. In contrast, 
monitoring of insects and vascular plants remains relatively underdeveloped, 
although recent initiatives (e.g. GIMS, MonViA) aim at increasing coverage 
under national programmes (Streitberger et al., 2024; Bruelheide et al., 2022; 
Ulber et al., 2025). Substantial knowledge gaps persist for other taxa, such as 
soil organisms or many arthropod groups. Biodiversity indicators derived from 
habitat-focused surveys, such as HNV farmland monitoring, provide proxies 
for assessing broader biodiversity patterns. Despite these efforts, major gaps 
remain in monitoring relevant functional groups such as pollinators beyond 
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butterfies (e.g. wild bees, hoverfies). Moreover, the genetic diversity of 
organisms has received limited to no consideration in established programmes 
(except, e.g. MonViA). 

Methods: Existing approaches to monitoring farmland biodiversity 
in Germany vary widely in their applied methods. Key differences include 
sampling design (e.g. nationwide representative sampling sites, free choice of 
transects), sampling frequency and intensity (e.g. annual, cyclical, or ad hoc), 
target taxa (e.g. birds, butterfies, wild bees), data collection methods (e.g. EO, 
feld-based surveys), and the extent and form of citizen science involvement. 
Citizen science plays a pivotal role in several programmes, particularly in 
bird and butterfy monitoring. Yet, the degree of volunteer training and data 
quality varies substantially across programmes, and citizen science initiatives 
remain largely absent in insect, vascular plant, and soil monitoring. Many citizen 
science initiatives in Germany do not meet the criteria of systematic biodiversity 
monitoring. However, they generate ecologically relevant data at critical scales 
for understanding biodiversity patterns and trends, including farmlands (Ruck 
et al., 2024). While such data cannot substitute standardised monitoring due 
to inherent limitations, such as spatial and temporal biases, variable sampling 
effort, and inconsistent data quality, they can serve as a valuable complementary 
resource to enhance spatial coverage and detect emerging trends (Johnston 
et al., 2023; Kelling et al., 2019). 

Institutional anchoring: Most biodiversity monitoring programmes in 
Germany are currently institutionally hosted by the Federal Agency for Nature 
Conservation (BfN) and operate in cooperation with state-level authorities, 
academic institutions, and NGOs. The current governance architecture is highly 
decentralised, with limited coordination across programmes within Germany 
and even weaker links to EU monitoring initiatives, which poses signifcant 
challenges for standardisation, data integration, and long-term strategic 
planning. To bridge this gap and following recommendations of the scientifc 
community (Geschke et al., 2019), Germany has installed a National Monitoring 
Centre for Biodiversity (NMZB, https://www.monitoringzentrum.de/en). 

2.2 Key data and knowledge gaps 

As outlined in Section 2.1, several relevant biodiversity monitoring programmes 
exist in Germany that partly or fully focus on farmland. However, their design 
and implementation result in four important data and knowledge gaps. First, 
the ability to detect representative long-term trends across taxonomic groups 
and habitats in Germany is currently very limited. Despite the recognised 
importance of long-term datasets and baseline information for tracking and 
understanding biodiversity change at the community level (Magurran et al., 
2010), only a few monitoring programmes currently deliver long-term trends 

https://www.monitoringzentrum.de/en
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for biodiversity on farmlands (i.e. annual data spanning more than 10 years), 
and are limited to common breeding birds (Kamp et al., 2021) and butterfies 
(Harpke et al., 2025; Kühn et al., 2025). Expanding monitoring to include 
additional taxa will depend on decision-makers’ capacity and, more crucially, 
their will to coordinate and fnance such programmes, particularly for those 
delivering indicators not mandated by national or international reporting 
obligations (e.g. the EU Nature Restoration Regulation or Global Biodiversity 
Framework). Thus, long-term multi-species data from the same sampling sites 
will likely remain scarce, impeding the calculation of cross-taxa diversity metrics 
such as multitrophic species richness (Meier et al., 2022). 

Second, Germany lacks consistent, thematically detailed, spatially explicit, 
and long-term information on agricultural land use and management (intensity), 
which severely limits the understanding of land-use intensity changes and 
biodiversity responses. However, accounting for multiple dimensions of 
agricultural land-use intensity is crucial for identifying species-environment 
relationships (Roilo et al., 2024). While patterns and trends of farmland birds and 
butterfies have been linked with land use and landscape structure (Frank et al., 
2024; Hertzog et al., 2023; Kasiske et al., 2024, 2023), access to detailed feld-
and farm-level land-management data remains diffcult compared to other EU 
countries (Burchfeld et al., 2024; Jänicke et al., 2025), due to a lack of access 
regulations and federal data management. This applies in particular to AECMs, 
documented in the Integrated Administration and Control System (IACS). Strong 
variability in data formats across federal states further makes data harmonisation 
challenging, and high-resolution data on pesticide and fertiliser use are largely 
inaccessible. These limitations hinder the development of robust, evidence-
based strategies to link management practices with biodiversity outcomes 
(Josefsson et al., 2020). Access to IACS and other land management data for 
research could alleviate these limitations, and new EU regulations (e.g. Data 
Governance Act) may improve future data access and sharing (see Section 4.3). 

Third, using biodiversity monitoring data to evaluate agri-environmental 
policies is challenging because non-random intervention patterns, such as 
AECMs (Paulus et al., 2022), complicate effective assessments (Josefsson 
et al., 2020; Kleijn and Sutherland, 2003). For example, CBBS data cannot be 
directly linked to the effects of single AECMs (e.g. fower strips, fallow land), 
as only small farmland fractions are enrolled in such measures, mostly located 
in low-productive regions. Robustly evaluating intervention effects requires 
more adaptive monitoring approaches, such as before-after-control-impact 
(BACI) designs (Josefsson et al., 2020; Lindenmayer and Likens, 2009), and 
applying appropriate statistical methods, such as propensity score matching 
or regression discontinuity designs (Pfüger et al., 2024; Noack et al., 2022). 
These approaches require high-quality data, robust study designs, and careful 
handling of biases and confounders to assess intervention effectiveness. 
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Fourth, current biodiversity monitoring programmes that include 
farmlands are insuffcient to assess key ecosystem functions and services in 
agroecosystems, such as soil fertility, nutrient cycling, pollination, and pest 
regulation. Existing indicators and conservation targets for farmland largely 
rely on the indicator species concept (Tälle et al., 2023), most prominently 
the Common Farmland Bird Index (CFBI). Species-based indicators provide 
some indications about ecosystem functions and services but capture only 
one biodiversity dimension, overlooking functions driven by complex multi-
taxa interactions (Birkhofer et al., 2018). Researchers have long advocated for 
a more holistic approach, focusing on ecological and evolutionary processes 
rather than solely on species or habitats (Tobias et al., 2025). Integrating 
species-habitat networks into biodiversity monitoring can help to capture 
species-environment interactions, identify key habitats and species, and guide 
effective conservation and land management (Lami et al., 2021; Marini et al., 
2019; Scherber et al., 2019). 

In conclusion, the ability to detect early warning signals of declining 
ecosystem functions and conditions remains very limited in Germany, especially 
in dynamic systems like agroecosystems.Although options for a comprehensive 
National Ecosystem Assessment in Germany (NEA-DE) have been explored to 
support cross-sectoral policy and mainstreaming of biodiversity and ecosystem 
services, political reluctance due to Germany’s legislative, cultural, and 
governance context has hindered its implementation and assessments across 
different federal states and policy sectors (Albert et al., 2017). 

3 Developing a nationwide farmland biodiversity 
monitoring–experiences from the MonViA project 

3.1 Motivation and framework 

The public debate on insect declines (Hallmann et al., 2017; Leather, 2018), 
particularly in farmlands (Ekroos et al., 2010), opened an unprecedented political 
window of opportunity for farmland biodiversity monitoring in Germany. In 2019, 
the nationwide framework MonViA (Monitoring of Biodiversity in Agricultural 
Landscapes) (https://www.agrarmonitoring-monvia.de/en), funded by the 
Federal Ministry of Agriculture, Food and Regional Identity (BMLEH), launched 
a fve-year pilot phase to develop and test farmland-specifc monitoring 
programmes and indicators. MonViA complements existing and planned 
biodiversity monitoring programmes (see Section 2.1) by addressing key 
knowledge and monitoring gaps (see Section 2.2). MonViA adds value through 
national-level indicators and a modular, taxon- and habitat-specifc monitoring 
framework of farmland biodiversity. A ministerial decree requiring biannual 
reporting of MonViA indicators and results is in effect since summer 2026. 

https://www.agrarmonitoring-monvia.de/en
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In MonViA, scientists from the Thünen Institute, the Julius Kühn Institute 
(JKI), and the Federal Offce for Agriculture and Food (BLE/IBV) collaborate to 
establish a nationwide, representative, science-based farmland biodiversity 
monitoring framework for Germany. Its overarching aim is to develop monitoring 
concepts and indicators that inform agri-environmental policy on biodiversity 
patterns, trends, and potential impacts of biodiversity change in agricultural 
areas. Monitoring concepts and indicators are tailored to represent farmland 
biodiversity and to complement existing national and European monitoring 
programmes. Importantly, biodiversity is considered both a resource to be 
preserved and enhanced and a prerequisite for sustainable agri-food systems. 
The MonViA framework aims to address the following research questions: (1) 
What is the impact of land use/management and agricultural structure change 
on biodiversity? (2) How do changes in biodiversity affect the performance of 
agroecosystems? (3) How do agri-environmental policies and strategies impact 
biodiversity, and how can they be improved to support agroecological farming? 

To address these questions, MonViA considers three levels of biodiversity: 
habitat, species, and genetic diversity. For an overview of all 41 MonViA 
indicators, please refer to the indicator report (MonViA, 2024). MonViA uses 
a modular approach to (1) integrate and complement existing monitoring 
programmes and indicators, (2) apply the most effective methods for data 
collection and monitoring design, and (3) maintain fexibility in addressing 
evolving questions and requirements for monitoring, research, and policy 
advice. During its pilot phase (2019–2024), MonViA developed and tested 
a set of methods and indicators (MonViA, 2024), some now ready-for-use, 
contingent on continued political and fnancial support. With its transition 
to the implementation phase since 2024, methods and indicators are being 
refned into a core set of key indicators for reporting both as nationwide time 
series or within representative sample settings. Sections 3.2–3.4 present those 
MonViA use cases already implemented and intended for regular reporting. 

MonViA is now progressively implemented through two interlinked 
components: trend monitoring and land-system analysis. Trend monitoring 
tracks the status and long-term changes of farmland biodiversity and its drivers 
nationally in a standardised and representative manner. Land-system analysis 
builds on these data to statistically examine relationships between drivers, 
pressures, and response indicators, considering specifc landscape contexts 
(Blickensdörfer et al., 2022; Hertzog et al., 2023; Kasiske et al., 2023; Schwieder 
et al., 2022). Together, they provide insights into drivers of biodiversity change 
and allow assessments of effectiveness and effciency of agri-environmental 
policies (Frank et al., 2024; Kasiske et al., 2024), providing a robust evidence 
base to guide future agricultural policy, European and national regulations, 
and strategies for biodiversity conservation, ecological restoration, and 
agroecological transition (Ewert et al., 2023). 
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3.2 Habitat and land-use diversity 

As frequent species-based biodiversity monitoring across large spatial extents 
is challenging, mapping habitat diversity as a proxy for farmland biodiversity is 
a promising approach (Volpato et al., 2024). Monitoring habitat and land-use 
diversity over time enables targeting policy and conservation efforts to protect, 
restore, and enhance farmland habitats to maintain and support biodiversity 
and ecosystem services. Parcel-level IACS data provide detailed agricultural 
information (Leonhardt et al., 2024) on crops, AECM applications, livestock, and 
farm characteristics, but data access at the national level is limited. In addition, 
EO data provide high-resolution, nationwide coverage of farmlands, enabling 
agricultural land-cover and land-use mapping from regional (Blickensdörfer 
et al., 2022) to continental (d’Andrimont et al., 2021) and global scales (Van 
Tricht et al., 2023). Recent EO- and IACS-based assessments to map habitat 
diversity use multi-year crop sequences (Jänicke et al., 2022), spatio-temporal 
patterns of grassland-use intensity (Schwieder et al., 2022), or winter cropland 
coverage (Lobert et al., 2025b). Combining IACS data and EO-based indicators 
provides a comprehensive understanding of agricultural habitat and land-use 
diversity. 

MonViA monitors spatio-temporal patterns of agricultural land use and 
maps biodiversity-relevant habitat and land-use diversity indicators (MonViA, 
2024): semi-natural landscape elements, land-use types, spatio-temporal 
crop diversity, and landscape heterogeneity. Integrating these indicators into 
composite indicators, such as the Farmland Biodiversity Habitat Indicator (Bayr 
et al., 2023), enables comprehensive farmland assessments (Levers et al., 2025). 
Moreover, sustainable agricultural production relies on regulatory and policy 
instruments. Assessing their applicability and effectiveness requires consistent 
monitoring of agricultural land use. MonViA’s data support policy-making 
and impact assessments at EU, national, and regional levels, complementing 
frameworks like the European Biodiversity Strategy for 2030†  or the EU Common 
Agricultural Policy‡. MonViA indicators are ready-to-use for nationwide, annual 
reporting, already support Germany’s climate reporting under the EU LULUCF 
regulation§ (Rösemann et al., 2025), and are publicly available through data 
portals and web applications.¶,**,†† 

† https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en 
‡ https://agriculture.ec.europa.eu/common-agricultural-policy_en 
§ https://climate.ec.europa.eu/eu-action/land-use-sector_en 
¶ https://sf.julius-kuehn.de/mapviewer 
** https://atlas.thuenen.de 
†† https://eodata.thuenen.de 

https://eodata.thuenen.de
https://atlas.thuenen.de
https://sf.julius-kuehn.de/mapviewer
https://climate.ec.europa.eu/eu-action/land-use-sector_en
https://agriculture.ec.europa.eu/common-agricultural-policy_en
https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en
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3.2.1 Example 1: Semi-natural landscape elements and 
habitats 

Semi-natural landscape elements (LE) such as hedges, copses, feld margins, 
and riparian strips provide crucial refuges for farmland species, supporting 
biodiversity conservation and ecosystem service provisioning (Albrecht 
et al., 2020; García-Feced et al., 2015). MonViA defnes several LE indicators by 
habitat type (e.g. hedges, tree rows, riparian strips), spatial context (e.g. open 
land, protected areas), and temporal reference (e.g. annual comparisons). 
Most indicators are derived from Germany’s nationwide ATKIS Digital Basic 
Landscape Model (ATKIS-DLM), updated every fve years, with additional data 
on woody landscape elements from LiDAR analyses (Lucas et al., 2019). IACS 
data can further provide detailed information on LEs adjacent to felds. 

The semi-natural-habitats (SNH) area index (MonViA, 2024) measures the 
proportion of SNH (orchards, heaths, peatlands, marshes, uncultivated land, 
hedges, tree rows, and feld edges in addition to copses) relative to total 
farmland. The index can be adapted by SNH type and reference area (e.g. 
arable land or grassland), with higher index values indicating greater habitat 
potential for farmland species. SNH suitability depends on species-specifc 
habitat requirements,  which should guide regional conservation targets.‡‡  
The SNH area index is applied to improve the regionalisation of pesticide 
risk management (Alix et al., 2017). In this context, SNH area index maps are 
classifed into categories of <10% SNH and >=10% SNH, with SNH serving as 
the basis for the ‘Small Structures Directory’, which is updated annually and 
made available through a web-based GIS platform on two aggregation levels.§§ 

3.2.2 Example 2: Share of fallow on arable land 

Fallow areas support soil stabilisation, water retention, carbon sequestration, 
and biodiversity (Feng et al., 2021; Tarjuelo et al., 2020; Żarczyński et al., 2023). 
Over the past decade, policies have aimed to increase fallow area shares, 
especially on arable land, with fallows consisting of different vegetation types, 
dominated by grasses, herbs, or bare soil, without any commodity production 
(e.g. fowering and buffer strips, set-aside areas, and unused feld margins). IACS 
time series data (2010–2021) for nine federal states, covering ~66% of arable 
land in Germany, show that the share of fallows declined, from around 7% in the 
early 2000s (Baum, 2024) to 1.8% in 2014. This decline was driven by ‘land-use 
fallows’, which have limited management obligations for farmers, largely due to 
the EU-wide suspension of mandatory arable land set-asides in 2008 (Fig. 1). 

‡‡  https://www.julius-kuehn.de/media/3_Institute/SF/Kleinstrukturen/Methodenbeschreibung_Aktualisierung_des 
_Verzeichnis.pdf 

§§ https://sf.julius-kuehn.de/mapviewer/vks 

https://sf.julius-kuehn.de/mapviewer/vks
https://www.julius-kuehn.de/media/3_Institute/SF/Kleinstrukturen/Methodenbeschreibung_Aktualisierung_des_Verzeichnis.pdf
https://www.julius-kuehn.de/media/3_Institute/SF/Kleinstrukturen/Methodenbeschreibung_Aktualisierung_des_Verzeichnis.pdf
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Figure 1  Fallow shares on arable land for nine German federal states 2010–2021, 
differentiated by funding programmes. As all three types of fallows can be combined 
on the same parcel, we ranked programmes according to the stringency of their 
requirements for farmers and assigned a plot only its highest ranked programme (AECM 
ranked the highest and land use the lowest) to avoid double counting. 

The introduction of mandatory Greening measures as part of the CAP led to 
fallow area increases after 2015, as ‘EFA-fallows’ could fulfl Ecological Focus 
Area (EFA) requirements. Unlike ‘land-use fallows’, ‘EFA-fallows’ have more 
restricted management options. Optional Agri-Environment-Climate Measures 
(AECMs) also promote fallows, which are ‘AECM fallows’ primarily designed 
to promote biodiversity conservation with specifc management obligations 
for farmers. The area of ‘AECM fallows’ increased markedly after 2018. Since 
AECMs are federally designed and implemented, detailed analyses of state 
programmes and funding periods, as well as further IACS data harmonisation, 
are required to robustly evaluate their impact. 

3.2.3 Example 3: Spatial and temporal crop diversity 

Using IACS data and EO products (Blickensdörfer et al., 2022), MonViA monitors 
spatial and temporal patterns of agricultural land use. Spatial crop diversity is 
quantifed with the Shannon-Wiener index (H) and the related Hill number (D). 
While H refects crop species richness and evenness, D represents the effective 
number of crop types required to achieve the corresponding H value, assuming 
an even class distribution. Higher H and D values indicate higher crop and 
habitat diversity. Temporal crop diversity is measured by the number, type, and 
sequence of main crops cultivated on the same spatial unit (parcel for IACS 
data, pixel for EO data) over a time period. Diverse crop sequences increase 
habitat diversity and support soil quality, nutrient supply, and pest control in 
farmlands (Egli et al., 2021; Gawdiya et al., 2025; Perrot et al., 2023). MonViA 
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applies structural and functional crop diversity concepts (Stein and Steinmann, 
2018) using EO-based time series (annual, nationwide) of crop type maps. 
Structural diversity represents the number of crops and transitions between 
them within a crop sequence, while functional diversity represents the balance 
between leaf and cereal crops, and between spring and winter crops. Structural 
and functional crop diversity individually serve as proxies for agricultural land-
use intensity (higher diversity indicates lower intensity) and enable comparisons 
with agronomic recommendations to assess crop dominance and recurrence, 
supporting biodiversity evaluations of crop rotations in Germany. Combined, 
they provide a comprehensive representation of regional and site-specifc 
habitat diversity, as in the Farmland Habitat Biodiversity Indicator (FHBI; Fig. 2). 

3.2.4 Example 4: Landscape heterogeneity 

In MonViA, habitat mapping and monitoring focus on agricultural land-
use and landscapes, but also consider the surrounding landscape as being 
infuential for habitat-species interactions on farmlands. MonViA derives 
landscape-level heterogeneity indicators (e.g. Shannon index, effective mesh 
size), representing landscape composition and confguration, based on ATKIS-
DLM land-cover shares (e.g. forests, farmland, urban areas) in defned spatial 

Figure 2  Farmland Habitat Biodiversity Index for Germany based on structural and 
functional crop diversity, grassland use intensity, hedgerows, and perennials for 100 ha 
hexagons between 2017 and 2023 (more details in Levers et al. (2025)). 
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units (e.g. administrative or agri-environmental regions, grids, hexagons), and 
thereby supports biodiversity monitoring by complementing agricultural land-
use indicators.¶¶ 

3.3 Species diversity 

Species diversity is a key component of agricultural systems, infuencing their 
functional stability and ecosystem service delivery (Raveloaritiana and Wanger, 
2024). However, effectively monitoring species diversity, particularly for insects, 
requires establishing continuous time series due to high species numbers, 
strong fuctuations in population size, and often asynchronous responses to 
anthropogenic pressures (Bergholz et al., 2022; Ganuza et al., 2022). While 
butterfies are monitored in Germany through a long-term, nationwide 
programme (TMD; see Section 2.1), major gaps persist for other ecologically 
important pollinator taxa, including wild bees and hoverfies. Emerging 
initiatives (e.g. GIMS) aim to address these gaps but lack effective coverage of 
agricultural landscapes. 

MonViA provides critical contributions to reduce both taxonomic and 
spatial gaps through standardised monitoring of important farmland pollinator 
taxa. We describe two complementary modules focused on monitoring wild 
bee and hoverfy diversity: the Wild Bee Monitoring programme (Thünen 
Institute for Biodiversity, https://wildbienen.thuenen.de) (Dieker et al., 2023), 
and the Monitoring of Benefcial Insects in Refuge Habitats (Julius Kühn 
Institute, Institute for Biological Control, https://nuetzlink.julius-kuehn.de). Data 
from both modules are used to calculate alpha diversity indicators, including 
species richness, Simpson Index, evenness, abundance, and the proportion of 
Red List species (MonViA, 2024). Following a fve-year baseline assessment, 
these indicators will be published as annual digital reports***,††† to refect trends 
at genus and species/aggregate levels and changes in threatened species 
presence. Integrating these data with MonViA’s habitat and land-use modules 
(see Section 3.2) allows the analysis of trends in the context of agricultural 
land-use change. Both modules support evaluating policy targets under the 
National Strategy for Biodiversity 2030 (NBS) and the EU Nature Restoration 
Regulation (NRR). The methodology, particularly for bumblebees, aligns with 
the European Pollinator Monitoring Scheme (EU PoMS) (Potts et al., 2024) and 
demonstrates the critical role of citizen science in establishing an effective 
pollinator monitoring framework in agricultural landscapes. 

¶¶ https://sf.julius-kuehn.de/mapviewer/monvia 
*** https://wildbienen.thuenen.de 
††† https://www.agrarmonitoring-monvia.de/en 

https://www.agrarmonitoring-monvia.de/en
https://wildbienen.thuenen.de
https://sf.julius-kuehn.de/mapviewer/monvia
https://nuetzlink.julius-kuehn.de
https://wildbienen.thuenen.de
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3.3.1 Example 1: Wild Bee Monitoring programme 

Wild bees (Hymenoptera, Apoidea) play a central role in maintaining pollination 
services for over 80% of crop and wild plant species in Europe (IPBES, 2016). 
Among them, bumblebees (genus Bombus) are especially effective due to 
their sociality, cold-weather tolerance, long foraging ranges, and ability to 
pollinate specialised crops (Goulson, 2009). Of the 41 bumblebee species 
found in Germany, 22 are considered threatened to varying degrees (Westrich 
et al., 2011). Yet, no robust, nationwide, high-resolution dataset on bumblebee 
diversity exists. To address this, MonViA launched its bumblebee monitoring 
programme in 2021 (Sommerlandt et al., 2024). 

The programme uses standardised, non-destructive sampling via citizen 
science (Dieker et al., 2023). Trained volunteers conduct monthly surveys from 
March to October along 500×5 m2 transects within 3×3 km2 sampling sites 
containing at least 30% agricultural land, following the Land Use/Cover Area 
frame Survey (LUCAS) grid (Hellwig et al., 2024). During 50-minute surveys, 
all bumblebees observed foraging or fying are captured, photographed, 
identifed, and released. Citizen scientists identify specimens to species or 
species-aggregate level, with expert validation ensuring data quality. Over 100 
volunteers currently sample over 80 sites across Germany, with site numbers 
steadily increasing. To improve spatial resolution, unstructured observations 
from the nationwide Bumblebee Challenge, a collaboration between Thünen 
Institute, BUND Naturschutz Bayern, and Observation (https://observation.org), 
are integrated. Historical trends will be reconstructed using grey literature (as 
compiled in Mupepele et al., 2025), and entomological collections. 

3.3.2 Example 2: Monitoring of benefcial insects in refuge 
habitats 

This programme focuses on hoverfies (Diptera: Syrphidae), with ~463 
species occurring in Germany, 31% of them threatened (Ssymank et al., 2011). 
Hoverfies are important pollinators and natural enemies of pest insects. 
However, long-term population data remain scarce, making hoverfies one of 
the most data-defcient pollinator groups. This programme monitors hoverfies 
in selected refuge habitats, such as meadow orchards, using pan traps, Malaise 
traps, and newly developed AI-based camera traps (Sittinger et al., 2024). 
Camera traps enable continuous, non-invasive monitoring at high temporal 
resolution, supplementing traditional trapping methods (four annual sampling 
rounds). Since 2020, data are collected across a representative sampling matrix 
in southwest Germany. Currently, data are available upon request but will be 
published in public repositories (e.g. https://www.openagrar.de), supported 
by NFDI consortia (Section 4.3). With continued funding, the monitoring 

https://www.openagrar.de
https://observation.org
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programme could be scaled up through increased camera trap deployment 
and validation. 

3.4 Genetic diversity 

The importance of genetic diversity monitoring of both domestic and wild 
species has been recognised through relevant agreements in the Kunming-
Montreal Global Biodiversity Framework (CBD, 2022). MonViA indicators 
constitute the frst efforts towards nationwide, standardised, and repeated 
monitoring of genetic diversity in German agricultural landscapes. Indicators 
rely on proxy-based assessments of genetic diversity and DNA-based 
assessments of diversity within species and species groups. We present the 
indicator for the genetic diversity of native livestock breeds (MonViA, 2024), 
and point to Section 3.5 for additional indicators that are currently under 
development. 

In Germany, 83 breeds of large livestock (horse, donkey, cattle, pig, 
sheep, and goat) and 125 breeds of small livestock (poultry and rabbits) are 
considered native. Around 60% of these are threatened with extinction (BLE, 
2025). Over time, many breeds have either been replaced by more productive 
breeds or, in the case of draft animals, by machinery. Nevertheless, they remain 
highly valuable as they are adapted to their respective regions of origin, are 
tied to cultural heritage, and hold important traits for future breeding goals 
(i.e. resilience and robustness). Breeds are monitored by the Federal Offce for 
Agriculture and Food (BLE/IBV) in collaboration with (associations of) breed 
societies and conservation networks. The population data (male and female 
breeding animals of each breed) are collected annually. From this data, the 
effective population size Ne is calculated biennially, which is then used to classify 
the breeds into four risk categories (Fig. 3). Despite an increasing number of 
native large livestock breeds being integrated into the monitoring programme, 
the proportion of endangered breeds remained relatively constant (~70%) 
since 2011. Breeds at risk are eligible for fnancial support measures by the 
federal and state governments. The monitoring data are publicly available 
in the national inventory of animal genetic resources (https://tgrdeu.genres 
.de/en) and are regularly delivered to the FAO database on domestic animal 
diversity (https://fao.org/dad-is/en). 

3.5 MonViA indicators in the pipeline 

Several MonViA indicators have been developed to near applicability and have 
been tested in pilot studies (we describe selected examples in Sections 3.5.1 , 
3.5.2, and 3.5.3). For some of those, a conveyance to permanent monitoring is 

https://fao.org/dad-is/en
https://tgrdeu.genres
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   Figure 3  Share of German native livestock breeds of horses, donkeys, cattle, pigs, 
sheep, and goats by endangerment categories in % (PERH = Phenotypic conservation 
population, ERH = Conservation population, BEO = Observation population, NG = Not 
endangered). 

hampered by a lack of permanent personnel, secured funding, and reporting 
mandates. 

3.5.1 Monitoring of cavity nesting wild bees 

Complementing the bumblebee monitoring and aimed to be conducted at the 
same sampling locations (see Section 3.3), MonViA has developed a module 
to assess the diversity of cavity-nesting wild bees using standardised artifcial 
nesting observation blocks (NOBs), with data collected through volunteer 
participation (Lindermann et al., 2024, 2023). This module uses a citizen 
science-based, non-lethal approach with standardised artifcial nests to monitor 
cavity-nesting bees in farmlands. These nests allow monitoring ~51 wild bee 
species (at varying taxonomic resolution) along with numerous parasitoids and 
predators (Lindermann et al., 2024). The NOBs are deployed as six nest pairs 
for each 3×3 km2 LUCAS sampling site (Hellwig et al., 2024) (cf. example 3.3-
1). Sampling is conducted by trained volunteers in a two-year rotation: in the 
frst year, photographic assessments are used to evaluate preliminary species 
diversity and related indicators; in the second year, environmental DNA (eDNA) 
metabarcoding (Sickel et al., 2023) complements the photo-based data by 
providing higher taxonomic resolution, phylogenetic diversity, and data on 
plant resource use. During the initial fve-year baseline assessments, more 
than 100 volunteers have maintained over 400 artifcial nests across Germany 
and provided valuable data supporting population status assessments based 
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on species richness, abundance, evenness, and phylogenetic diversity. Data 
on plant resource use adds important information about plant-pollinator 
interactions. Whilst these indicators are being calculated nationwide, the current 
coverage is strongly limited by the availability of volunteers to maintain NOBs.‡‡‡ 

Integrating these data with MonViA’s habitat and land-use modules 
allows assessments of how land-use change infuences cavity-nesting bee 
communities, their foraging behaviours, as well as their antagonists, and cavity-
nesting predatory wasps. This approach provides valuable insights, essential for 
evaluating policy targets, but its continuation and expansion rely on sustained 
political and fnancial support of the monitoring scheme. 

3.5.2 Diversity of soil microbial communities 

During MonViA’s pilot phase, the impact of different methodological approaches, 
such as soil sampling and pre-treatment, edaphic properties, and land uses, on 
genetic analyses of soil microbial communities was assessed (Finn et al., 2023). 
Diversity of taxa was assessed as unique sequence identities within universally 
conserved marker genes (Callahan et al., 2017). Across three agricultural 
felds with contrasting edaphic and management characteristics, prokaryote, 
fungal, and protist communities were all strongly infuenced by edaphic 
properties (space), while fungal and protist communities were particularly 
sensitive to seasonality (time) and management, particularly tillage (Wang 
et al., 2025). These fndings highlight important natural variation in microbial 
communities which is necessary to differentiate microbial taxa that can serve 
as indicators for benefcial soil processes under specifc management regimes 
versus taxa that are associated with seasonal changes or naturally occurring 
edaphic properties. In MonViA’s implementation phase, these approaches are 
applied at 300 locations across Germany (8 km2 grids) as part of the German 
Agricultural Soil Inventory (BZE-LW§§§).  The goal is to assess the diversity of soil 
microbiomes in Germany’s farmlands, and to identify indicator taxa associated 
with agricultural management that leads to broader environmental and/or 
economic benefts, e.g. low-input, high crop-yield practices.This has potential to 
provide advice to farmers and contribute to biodiversity assessments expected 
to be required under the EU Soil Monitoring Law (Panagos et al., 2025). 

3.5.3 Assessment of bees using pan-traps 

The pan-trap-based monitoring pilot complements the wild bee monitoring 
programmes by comprehensively representing bee communities, including 

‡‡‡ https://wildbienen.thuenen.de/mitmachen/nisthilfe-patenschaft; last accessed: 8 August 2025 
§§§ https://www.thuenen.de/en/institutes/climate-smart-agriculture/projects/agricultural-soil-inventory-bze-lw 

https://www.thuenen.de/en/institutes/climate-smart-agriculture/projects/agricultural-soil-inventory-bze-lw
https://wildbienen.thuenen.de/mitmachen/nisthilfe-patenschaft
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ground-nesting communities and honeybees. DNA metabarcoding yields data 
about fower visiting insects at species and subspecies level. Pan-trap-based 
bee monitoring pilots cover agricultural sites from the Ecosystem Monitoring in 
Germany (Ackermann et al., 2020), including sites from the Monitoring of High 
Nature Value farmland. Sampling, using a standardised pan-trap set (Krahner 
et al., 2021), is done in fve rounds per year, with sampling dates fxed on a 
phenological timescale. In addition to DNA-based analysis, bee individuals are 
counted, separating honeybees, bumblebees, and other bees. 

3.6 MonViA: lessons learned and way forward 

3.6.1 Progress and challenges across biodiversity levels 

Developing a nationwide farmland biodiversity monitoring framework 
faces signifcant challenges. MonViA demonstrates that integrating diverse 
scientifc and policy perspectives, establishing standardised yet adaptable 
methodologies, and coordinating across institutions and sectors are 
resource-intensive. MonViA is now widely recognised as Germany’s farmland 
biodiversity monitoring framework. Its fexible and adaptable modular design 
allows individual components to operate and progress independently, and the 
integration of new methods and data. Genetic monitoring of domestic livestock 
is well established and secured long-term (BMEL, 2024), and habitat and land-
use monitoring as well as land-system analyses are widely implemented. Yet, 
systematic reporting of MonViA trend indicators lacks offcial mandates, and 
specifcally, monitoring of target species groups is hampered by uncertain 
long-term funding, the lack of permanent personnel, and no offcial reporting 
obligations. 

3.6.2 Policy and governance barriers 

Despite scientifc consensus on the urgency of farmland biodiversity decline, 
Germany has yet to institutionalise farmland biodiversity monitoring. MonViA 
indicators are not mandatory in offcial reporting obligations, though they are 
relevant for the National Biodiversity Strategy 2030,¶¶¶ the German Strategy for  
Adaptation to Climate Change,**** and the Nature Restoration Regulation.††††  
Instead, political attention has shifted from the biodiversity crisis towards other 
pressing issues, exemplifed by the current EU Green Deal rollback (Marquard 
et al., 2025), narrowing the political window of opportunity for establishing 

¶¶¶   https://www.bundesumweltministerium.de/download/die-nationale-strategie-zur-biologischen-vielfalt-2030-nbs 
-2030 

****  https://www.bundesumweltministerium.de/en/download/german-strategy-for-adaptation-to-climate-change 
-summary 

†††† https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024R1991&qid=1722240349976 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32024R1991&qid=1722240349976
https://www.bundesumweltministerium.de/en/download/german-strategy-for-adaptation-to-climate-change-summary
https://www.bundesumweltministerium.de/download/die-nationale-strategie-zur-biologischen-vielfalt-2030-nbs-2030
https://www.bundesumweltministerium.de/download/die-nationale-strategie-zur-biologischen-vielfalt-2030-nbs-2030
https://www.bundesumweltministerium.de/en/download/german-strategy-for-adaptation-to-climate-change-summary
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and maintaining a national farmland biodiversity monitoring framework. 
This refects deeper governance challenges: while the biodiversity crisis and 
its potential implications for agriculture and human well-being are widely 
acknowledged (Strohschneider, 2024), environmental policy largely frames 
farmland biodiversity as a nature conservation issue. German policy-making 
is thereby characterised by strong sectoral silos, with environmental agencies 
primarily focusing on nature conservation and agricultural agencies focusing 
on land use, delegating rather than sharing biodiversity responsibilities. 
Consequently, the dual role of biodiversity, as both a conservation priority 
and a basis for sustainable agricultural production, remains undervalued 
in policy. Despite clear legal obligations under the EU Nature Restoration 
Regulation, farmland biodiversity remains a marginal issue rather than an 
essential dimension in policy. This compartmentalisation leads to ineffcient 
resource allocation, missed opportunities for synergies, and persistent 
institutional divides. 

3.6.3 Overcoming limitations of citizen science-based 
approaches 

The monitoring of species diversity in MonViA demonstrates the potential 
of citizen science-based approaches in collecting data on broad spatial 
and temporal scales. Yet, these approaches have limitations, such as long 
timelines to reach desired sampling sizes of monitoring locations and lower 
taxonomic resolution. To overcome these limitations, a combination of classic 
feld methods, proper communication tools, and the integration of AI-based 
identifcation tools and DNA metabarcoding into the data processing pipeline 
can be employed. Furthermore, unstructured data from platforms such as 
Naturgucker (https://nabu-naturgucker.de), Observation (https://observation 
.org), or iNaturalist (https://www.inaturalist.org) can complement datasets 
collected and generated in MonViA to fll spatial and taxonomic gaps. 

Beyond data collection, further fostering stakeholder engagement and 
participation can strengthen farmland biodiversity monitoring within MonViA. 
Co-designing, implementing, and adapting monitoring protocols and 
frameworks meeting the needs and concerns of farmers and other stakeholders 
hold promise in this regard, helping to further build trust and ensure that 
monitoring data are relevant for decision-making. Particularly farmers can make 
important contributions to biodiversity knowledge (Ruck et al., 2024), yet their 
full potential as both biodiversity data contributors and users remains untapped 
(Remelgado et al., 2025). Integrating farmer-led biodiversity monitoring, if 
simple, fexible, and perceived benefcial, into digital agriculture technologies 
can provide valuable information for farmers on biodiversity-promoting 
practices to inform land management decisions (Remelgado et al., 2025). 

https://www.inaturalist.org
https://observation
https://nabu-naturgucker.de
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3.6.4 Future tasks and opportunities 

To strengthen farmland biodiversity monitoring within MonViA, three priorities 
are key. First, ecological performance monitoring should be expanded, with 
improved sampling designs and data management systems (see Sections 
4.1 and 4.3). Second, MonViA’s scope and limitations should be clearly 
communicated to set realistic expectations regarding its capacities. Finally, 
greater integration with European and international initiatives, such as GEO 
BON (GEO BON, 2010), EuropaBON (Pereira et al., 2022), or the Canadian 
BON (Gonzalez et al., 2025), is essential to enhance methodological exchange, 
data interoperability, and shared indicator frameworks. Therefore, MonViA’s 
existing datasets provide a strong foundation, and will be crucial for supporting 
evidence-based understanding of farmland biodiversity change and promoting 
resilient, sustainable farming systems. 

4 Towards an integrated farmland biodiversity 
monitoring in Germany 

4.1 Improving survey design 

Improving survey design for farmland biodiversity monitoring in Germany 
requires a more systematic and integrated approach that captures both 
ecological and agricultural dimensions. Currently, various individuals and 
organisations with diverse expertise and motivations independently conduct 
monitoring (Kühl et al., 2020), resulting in inconsistent survey and data 
collection methodologies (Kelling et al., 2019) (see Section 2.1). Systematic 
survey programmes (e.g. CBBS) use formal sampling designs, rigorous 
protocols, and trained or expert observers to estimate species population 
trends (Gregory et al., 2005; Kamp et al., 2021), while citizen science initiatives 
(e.g. TMD) use more fexible approaches, allowing observers to freely choose 
length, location, and route of monitoring transects (Kasiske et al., 2024). Despite 
these methodological differences (see Section 2.2), existing programmes play 
a key role in farmland biodiversity monitoring in Germany by providing a rich 
source of ‘big data’ (Johnston et al., 2023). To improve farmland biodiversity 
monitoring, further integrating systematic and less structured monitoring data 
(Hertzog et al., 2021), in combination with emerging monitoring methods and 
technologies (see Section 4.2), will therefore be essential. 

Institutionalised monitoring programmes require harmonised sampling 
methods, study designs, and data management (see Section 4.3), especially as 
data from such programmes are often required to report mandatory indicators. 
Long-term, feld-to-landscape-level monitoring that combines biodiversity 
data with information on agricultural management is crucial for understanding 
biodiversity responses to agricultural land use (Remelgado et al., 2025). Further 
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building on existing monitoring programmes and networks to collect additional 
data on agricultural management practices and landscape structure alongside 
biodiversity information, such as the ‘nationwide representative sampling sites’ 
(Streitberger et al., 2024), and combining such sample-based survey data 
on species, such as the CBBS (Frank et al., 2024), with nationwide EO-based 
habitat diversity indicators (Section 3.2) can provide valuable insights on the 
relationships between agricultural management, landscape heterogeneity, 
and biodiversity. Re-assessing the representativeness of the ‘nationwide 
representative sampling sites’, considering habitat types, land-use change, and 
‘agricultural archetypes’ (Petit et al., 2023), is important to improve monitoring 
and survey design, as well as ensuring complementability with other European 
sampling site networks (e.g. LUCAS). 

Germany’s NMZB can play a key role in integrating, standardising, and 
operationalising existing programmes. In addition, citizen science initiatives, 
particularly those engaging farmers and providing feedback on biodiversity 
impacts of adopted practices, have great potential to improve farmland 
biodiversity monitoring and facilitate biodiversity-supporting management 
(Ruck et al., 2024). We hence recommend integrating citizen science and 
farmer-led biodiversity observations into structured monitoring programmes 
(see Section 2.1), thereby engaging farmers as monitoring stakeholders and 
including their data in conservation evaluations (Ruck et al., 2024). 

4.2 Novel survey methods 

Novel biodiversity monitoring methods are opening new opportunities 
for assessing and understanding ecological change, especially in dynamic 
landscapes like farmlands. Tools such as environmental DNA (eDNA, see 
Chapter 29), passive acoustic sensors (PAM, see Chapter 26), and automated 
camera traps (see Chapter 25) enable continuous, long-term data collection 
across broad spatial scales with minimal disturbance (Chiavassa et al., 2024; 
Hartig et al., 2024; Sittinger et al., 2024), detecting a wider range of species, 
including elusive or cryptic species that traditional surveys may miss (Singer 
et al., 2025). Despite the comparably limited use of such tools in farmlands 
compared to other ecosystems (Roilo et al., 2025), they offer a comprehensive 
and scalable approach to monitoring biodiversity. 

The analysis of eDNA is already established in Germany for aquatic 
biomonitoring (Buchner et al., 2019), and is currently being integrated into the 
MonViA farmland biodiversity monitoring framework (Finn et al., 2023; Sickel 
et al., 2023). Although Germany accounts for 8% of all terrestrial PAM sampling 
sites (Darras et al., 2025), PAM is not yet a standard technology for farmland 
biodiversity monitoring in Germany, but presents a major opportunity for future 
advancements in data collection and analysis (see Section 2.1). The Insect 
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Detect device, a highly automated, non-lethal alternative to coloured pan traps, 
has been successfully deployed in Germany. With steadily improving taxonomic 
classifcation models, it allows for an autonomous deployment during an entire 
season, resulting in high insect classifcation accuracy, and generalises well on 
real-world data (Sittinger et al., 2024). 

Especially when integrated with Earth Observation and citizen science 
data, novel monitoring tools can support better-informed conservation and 
land management decisions. Earth Observation has become a powerful 
tool for mapping agricultural landscapes and land-use intensity at different 
spatial scales, used as the MonViA backbone to track habitat diversity, land-
use intensity, and its relation to species diversity (see Section 3.2). However, 
limitations in spatial, spectral, or temporal resolution as well as temporal 
inconsistencies and the diffculties in directly mapping biophysical parameters 
of plant condition and growth (e.g. biomass, plant health) and indicators of 
management intensity partly limit long-term monitoring (see Chapter 24). 
However, recent work confrms the usability of EO-data for mapping agricultural 
land-use (Blickensdörfer et al., 2022), soil management (Lobert et al., 2025a), 
small landscape elements (Muro et al., 2025), phenology-based productivity 
metrics (Lobert et al., 2023), or mowing frequency as a proxy for grassland use 
intensity (Schwieder et al., 2022) in Germany. 

4.3 Advancements in data management, access and 
integration 

Biodiversity monitoring programmes in Germany vary in focus, design, and 
data types, but require comprehensive research data management to ensure 
data quality, data usage, and scientifc robustness. To address biodiversity 
loss, full data visibility, access, and operability are required, along with better 
integration of national and regional data from different acquisition methods 
(Lumbierres et al., 2025). Baseline data are fundamental for monitoring habitat 
and species diversity trends, while long-term datasets are key for examining 
temporal biodiversity patterns and differentiating natural and anthropogenic 
factors (Magurran et al., 2010; Peters, 2010). 

Guided by FAIR principles (Geschke et al., 2019; Wilkinson et al., 2016), 
initiatives like FAIRagro (https://fairagro.net) and NFDI4Biodiversity (https:// 
www.nfdi4biodiversity.org) develop and provide guidelines, methods, 
and tools for biodiversity and environmental research data integration and 
management. The NMZB will establish a national open-access metadata 
overview of existing biodiversity monitoring datasets in Germany,‡‡‡‡ fostering 
transparency, visibility, and scientifc collaboration. Harmonising agricultural 

‡‡‡‡ https://www.monitoringzentrum.de/en/portal 

https://www.monitoringzentrum.de/en/portal
htps://www.nfdi4biodiversity.org
https://fairagro.net
htps://www.nfdi4biodiversity.org
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data and generating FAIR datasets on land use (intensity) is challenging, mainly 
due to data protection issues, but recent EU regulations, such as the EU Data 
Act§§§§ and initiatives of the European Land Monitoring System,¶¶¶¶,***** may 
facilitate access and utilisation of statistical and administrative as well as public 
and research data on farmland and biodiversity. 

To establish FAIR datasets and infrastructures, monitoring programmes 
must harmonise data and create accessible infrastructures, such as the NMZB 
metadata portal. This can optimise data visibility, transfer, and use, connect data 
users and providers, and ensure proper acknowledgement of access rights and 
data ownership. It also enables progressive, long-term data availability and 
reusability for monitoring and supports the identifcation and application of 
sustainable land-use practices (Borrero and Mariscal, 2022; Sica et al., 2024). 
However, achieving FAIR data is not attainable without thorough commitment 
from all relevant stakeholders and the adaptation of national and federal 
regulations. 

5 Conclusion 

Well-designed, regionally adapted, and integrated farmland biodiversity 
monitoring programmes are crucial for developing evidence-based strategies 
to conserve and restore biodiversity, and promote sustainable and resilient 
agroecosystems. To achieve this, farmland biodiversity monitoring and 
evaluation must go beyond aggregated national or EU-level reporting, for 
example by focusing on archetypical farmland systems (Orozco et al., 2024). 
Monitoring efforts should capture changes in land use and management, farm 
structure (e.g. farm size, productive orientation), and biodiversity jointly across 
multiple spatial and temporal scales. Such an integrated farmland biodiversity 
monitoring programme would allow for a more nuanced understanding of 
regional differences in biodiversity trends and in the capacities of agricultural 
landscapes to support biodiversity, which is crucial for developing targeted 
and effective policies. 

To ensure the effectiveness of such a monitoring programme in Germany, 
future surveys should adopt standardised, multi-taxa, and stratifed random 
sampling protocols across land uses, management intensities, and landscape 
contexts to ensure representativeness at both regional and national scales by 
refecting agroecosystem diversity. Complementing standardised sampling 
strategies with citizen science efforts and supporting participatory approaches 
through engagement of farmers, NGOs, policymakers, and other stakeholders 

§§§§ https://eur-lex.europa.eu/eli/reg/2023/2854/oj/eng 
¶¶¶¶ https://land.copernicus.eu/en 
***** https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52025PC0565 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52025PC0565
https://land.copernicus.eu/en
https://eur-lex.europa.eu/eli/reg/2023/2854/oj/eng
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are key to improving data quality, long-term monitoring feasibility, and 
conservation-agriculture interactions. Furthermore, fostering dialogue between 
policy-makers, scientists, and land users is critical for ensuring policy relevance 
and identifying monitoring gaps. 

Implementing an integrated, nationwide farmland biodiversity monitoring 
in Germany would require signifcant time and fnancial resources. However, 
this should be a crucial component to facilitate monitoring and reporting 
requirements of European policies, such as the Common Agricultural Policy 
(CAP), and to demonstrate genuine concern for biodiversity (Geijzendorffer 
et al., 2016). Despite global and European recognition of the need to invest 
in biodiversity data (Council of the European Union, 2014), a specifc funding 
commitment for monitoring has not yet been established. Allocating CAP 
budget to monitoring and evaluation could be an essential investment for 
informed decision-making and biodiversity conservation (Rieder, 2011). We 
therefore echo this call to integrate (farmland) biodiversity monitoring into the 
CAP and other policy frameworks (e.g. Green Deal and Farm-to-Fork), to secure 
long-term funding and support for monitoring infrastructure, capacity building, 
and data stewardship. 

Linking future farmland biodiversity monitoring efforts in Germany with 
other monitoring initiatives (e.g. the EU Pollinator Monitoring Scheme – EU 
PoMS) or European Monitoring of Biodiversity in Agricultural Landscapes – 
EMBAL) can help to ensure a comprehensive and coordinated approach. This 
requires clear commitments to integrated farmland biodiversity monitoring, 
long-term funding, and harmonised data access, as well as investments in 
biodiversity data and analyses. By adopting a proactive and collaborative 
approach, decision-makers and stakeholders can be informed by high-quality 
data and insights, supporting effective conservation strategies and contributing 
to the sustainability and resilience of agricultural systems. 
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7 Where to look for further information 

Further information on biodiversity monitoring, agricultural landscapes, 
climate adaptation, and ecosystem restoration can be obtained from a range 
of European and national policy frameworks, databases, and monitoring 
platforms. Key policy references include the EU Biodiversity Strategy for 2030 
[1], the EU Common Agricultural Policy (CAP) [2], and the EU Land Use, Land 
Use Change and Forestry (LULUCF) framework [3]. Additional regulatory and 
restoration-related guidance is available through the EU Nature Restoration 
Regulation (EU) 2024/1991 [16], the Soil Monitoring Law proposal and related 
EU legislation [18], and the European Commission proposal on land monitoring 
and resilience [20]. National biodiversity and climate policy information for 
Germany can be found in the National Strategy on Biological Diversity 2030 
(NBS 2030) [14] and the German Strategy for Adaptation to Climate Change 
[15]. Comprehensive spatial and monitoring data are provided through several 
scientifc and governmental platforms. Relevant geodata and information can 
be accessed via the Julius Kühn Institute (JKI) data portal [4], including the 
small structures in agricultural landscapes (VKS) viewer [8] and the MonViA 
viewer [9]. Methodological details on the national directory of small structures 
in agricultural landscapes are described in the respective documentation [7]. 
Additional environmental and agricultural datasets are available through the 
Thünen Atlas [5] and the Thünen Open Data repository [6]. Information on 
wild bee monitoring and related citizen science initiatives can be found at the 
Thünen wild bee monitoring platform [10] and the associated wild bee nesting 
aid initiative [12]. Information on farmland biodiversity monitoring activities 
within MonViA can be found on the project website [11]. Information on soil 
monitoring and climate-smart agriculture is available through the German 
Agricultural Soil Inventory (BZE-LW) [13]. An overview of environmental 
monitoring and indicator systems is provided via the National Monitoring 
Centre for Biodiversity [17] and the Copernicus Land Monitoring Service [19]. 
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