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1. Introduction 
As the world's population is continuously growing, the food demand is increasing rapidly. It is 

expected to increase by 50% from 2012 to 2050 (FAO, 2017). Conventional farming systems, 

which provide food for the majority of humans, endanger the human health by the heavy use 

of pesticides, overuse of antibiotics in animal husbandry as well as the pollution of water 

bodies with animal manure which can contaminate the water bodies with health threatening 

pathogens (Horrigan, Lawrence and Walker, 2002). Moreover, these systems continue to 

degrade the environment by deforestation and destruction of habitats, soil degradation, air- 

and water pollution (Horrigan, Lawrence & Walker, 2002) and thus destroying human vital 

ecosystem services. Ecosystem services are the benefits humans derive from nature, directly 

and indirectly, which includes provisioning services like food and fresh water, regulating 

services like climate regulation and water purification, cultural services like educational and 

recreational as well as supporting services like nutrient cycling (Millennium Ecosystem 

Assessment, 2005) (see figure 1). The degradation is caused since the main focus of 

conventional systems is on increasing yields 

and decreasing costs of production by 

exploiting economies of scale (Horrigan, 

Lawrence & Walker, 2002). As climate change 

moves forward these ecosystem services will 

become more important to enable adaptation 

to and mitigation of the effects as well as to 

build up resilience of the agricultural systems 

(FAO, 2017). Therefore, it is crucial to search 

for alternative food production systems, which 

are able to sustain the necessary ecosystem 

services and provide a healthier living 

environment for human society as a whole 

(FAO, 2017). 

 

One of these potentially sustainable forms of agriculture, which has gained little governmental 

and scientific attention so far, are food forests. Food forests are agroforestry systems that 

include the ideal of permaculture. A food forest is a well designed food production system 

inspired by natural forest ecosystems (Bukowski and Munsell, 2018).  

By including ecological principles, a sustainable semi-closed agro-ecosystem is created, 

which means that the input to the system is kept to a  minimum, while output is produced 

Figure 1: Chart of Ecosystem Services  

(Millennium Ecosystem Assessment, 2005) 
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(Pearson, 2007). This system shows a strong ecological resilience, a high biodiversity as well 

as a good yield potential while requiring minimal time for maintenance and inputs (Slier et al., 

2018). The main approach of food forests is to focus on a long-term, diverse and stable food 

production, by including many different perennial plants that have their niches in different 

layers of the food forest (Slier et al., 2018). 

The ‘Green Deal Voedselbossen’ defines a food forest as a productive ecosystem designed 

by people, modeled on a natural forest, with a high diversity of perennial and/or woody 

species, parts of which (fruits, seeds, leaves, stems, etc.) serve as food for humans. With the 

presence of a crown layer of higher trees, at least 3 of the other niches or vegetation layers of 

lower trees, shrubs, herbs, ground cover, underground crops and climbing plants and a rich 

forest floor life. A food forest has a minimum size of at least 0.5 ha in an ecologically rich 

environment; a minimum area of up to 20 ha is required in a seriously impoverished 

environment (Green Deal Voedselbossen, 2017). 

However, there exists no clear universal definition of the concept and its boundaries yet. 

 

In the arid to tropical climate zones the reintroduction of forests as part of agricultural systems 

has already proven to restore important ecological services, like the rebuilding of water 

systems and increase in animal biodiversity (Wolvekamp, n.d.). It also resulted in social 

benefits such as reduced conflicts and supporting the relationships between different 

stakeholders (Wolvekamp, n.d.). The concept of home gardens as self-sufficient food 

production systems, is very common in tropical countries and said to be an efficient and 

sustainable land use, which averts environmental degradation (Torquebiau, 1992). 
In temperate regions, like North America and Europe forest garden systems have mainly been 

implemented as highly merchandised, industrial agricultural systems which apply mono-

cropping and rely on the use of pesticides and fertilizers (Wartman, Van Acker and Martin, 

2018). Some front runners however, implemented forest garden systems in a potentially more 

sustainable way. In the Netherlands the oldest known food forest is the food forest Ketelbroek, 

which Pieter Jansen and Wouter van Eck started developing in 2009 (Veluw, 2013). 

Limitations 

Although food forests have many potential benefits there are also some limitations to them. 

One of the limitations is the time it takes until the food forest becomes productive. In general 

food forests are expected to start producing after about 5 years but the time until full 

productivity is reached is much greater. Depending on the species planted this can be between 

15 up to 50 years of time for fruit or nut trees (de Groot and Veen, 2017). Moreover, as many 

different species of plants grow together in a food forest it makes harvesting with machines 
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rather difficult and thus upscaling of food forests, as they highly depend on people to harvest 

the products themselves. Another challenge is the type of food produced at the food forest. 

Food forests mainly grow perennial plant species which means that annual species are rarely 

planted, although the majority of food consumed globally currently comes from annual plants 

like corn, wheat and rice (Engels, 2016). Another issue is that there is currently no market for 

products coming specifically from food forests. 

Despite these limitations it is crucial to further look into the possible benefits of this potentially 

more sustainable alternative agricultural system. 

Challenges 

In general, there are still many challenges in the acceptance of food forests as an agricultural 

system which mainly result from the lack of evidence. Therefore, a monitoring system must 

be implemented which the food forest practitioners can execute in order to track the 

development of their systems and compare them with other food forests as well as other 

agricultural systems. 

 

One major challenge here is that the stakeholders have to agree on a common set of indicators 

which should be monitored on a regular basis, but as the main purpose of the food forests 

varies greatly it is difficult to find a common base. Some food forests try to be economic and 

generate an income for the farmers whereas the focus of other food forests is on the social 

aspects like generating a feeling of belonging to a community, reintegrating poor people in the 

system or to increase the physical or mental health of the people involved in the project (see 

EcoVredeGaard and Nieuwe Erven, Appendix A). Therefore, it is important to include all three 

pillars of sustainability (people/social, planet/ecological and profit/economic) in the monitoring 

system in order to monitor all the different possible functions. 

Another issue that arises is the financing of the monitoring. As most food forest practitioners 

in the Netherlands do not yet generate a large income, they are not willing to invest a lot of 

money in the monitoring of the forest (see Appendix A). This means that simple and cheap 

methods need to be agreed upon as well as that most of the monitoring relies on the help of 

volunteers. Including volunteers, however, comes with several issues. First of all, the 

volunteers must be found and motivated so that they are willing to help the practitioners 

carrying out the monitoring. Then they may need some training as lay people will not know 

how to properly carry out the different methods. Moreover, because the monitoring of the food 

forests should be carried out throughout multiple decades on a regular basis it is very unlikely 

that the same volunteers will continue working on the same food forest their whole life. This 

implies that there may be deviations in the executions of monitoring methods which result in 
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differences of the results. Not all of the mentioned issues will be investigated within this 

research, however it is important to be aware of them and they will be elaborated upon in the 

‘Challenges and Recommendations’ section of this document. 

 

2. Purpose & Research Questions 
The purpose of this research is to develop a core set of indicators to monitor all different 

categories of services provided by food forests (ecological, social and economic) depending 

on the interests of the different food forest practitioners as well as other important 

stakeholders. 

 

My main research question hereby is: 

 

How can monitoring of food forests be carried out realistically (in terms of executability 
and costs) to draw comparable results within and between different food forests? 
 

My sub-research questions are as follows: 

 
1. What is the importance of monitoring food forests? 

2. Which functions should be monitored according to selected Stakeholders? 

3. How can biodiversity be monitored on a systems scale? 

4. Which methods should be used to monitor the selected indicators taking into account 

the feasibility as in executability by volunteers and financial restrictions? 

5. What is currently being monitored at the different food forests and what are gaps with 

priorities? 

 

3. Methods 
The main methods used to answer these questions are literature research and semi-structured 

interviews with eight stakeholders as well as several experts on the field of monitoring. In the 

following the methods used to answer the different research questions will be explained in 

detail. 

In order to answer sub-question 1 four existing Academic Consultancy Training (ACT) reports 

(e.g. Slier et al., 2018) on the topic were reviewed as well as some in depths literature research 
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was done to better understand the issue. Moreover, semi-structured interviews with 

stakeholders interested in monitoring of food forests were carried out. 

Sub-question 2 was also answered through the interviews with the selected stakeholders. 

Sub-question 3 mainly required in depth literature research although if one of the experts on 

the field of food forests had some ideas about it during the interviews this was taken into 

account. 

For answering sub-question 4 expert knowledge was acquired during the interviews as well 

as some in depths literature research was carried out. 

For sub-question 5 results of existing interviews were pre-investigated in order to be well 

prepared for conducting the semi-structured interviews with the selected stakeholders. 

Hereby, a proposition for the stakeholders was made, which was then checked by the 

stakeholders whether it was concluded correctly. The results were then compared with those 

of sub-question 2. 

The sub-questions helped to answer the main research question. 

 

The interviewees were selected according to the availability of the stakeholders. 

Each interview was recorded and transcribed to not lose any important information provided 

by the interviewees. 

The transcript was then evaluated by a qualitative analysis of the answers for each research 

questions. These answers of the different stakeholders were categorized and summed up in 

order to quantitatively evaluate how many stakeholders gave a certain answer. This way the 

quantity of the answers given to a certain question or otherwise derived from the interview in 

the same context could be analysed.  

4. What is the importance of monitoring food 

forests? 
Food forests claim to provide a variety of services for humans. These can be categorized in 

terms of the ecosystem services (provisioning, regulating, cultural and supporting services) or 

according to the triple bottom line: people, planet, profit. Hereby, people refers to the social 

benefits, planet to the environmental services and profit to the economic value of the systems 

(University of Wisconsin Sustainable Management, 2019). Conventional agriculture has a 

major focus on the economic value and gives little attention to environmental impacts resulting, 

amongst others, from the great use of pesticides (Singh, 2017). Other land use activities such 

as nature reserves provide ecological benefits as well as social benefits (P. Liu et al., 2017) 

but most of the time do not include the provision of food or the economic aspects. Food forests, 
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however, claim to provide all three types of services: social, ecological as well as economic. 

 

Monitoring by collecting data of all the different services of food forests can help to provide 

evidence of the high claims and enable to draw comparable results between food forests and 

other land use activities. Torrolba et al. (2016) e.g. indicate that the production of agroforestry 

systems in general is much higher than that of other agricultural systems, as a complementary 

use of resources allows the provision of multiple products. Therefore, the yields of agroforestry 

systems can be up to 40% higher compared to monoculture arable or woodland systems 

(Torrolba et al., 2016). As food forests are one of these agroforestry systems it is necessary 

to collect the required data in order to reflect on this. Additionally, agroforestry systems help 

to improve many of the regulating services important for the ecosystem functioning like carbon 

sequestration, pest control and nutrient retention but also increases the cultural services, as 

forests can be used for, amongst other things, recreational activities (Torrolba et al., 2016). 

However, it is important to consider the scale of the impact as it can be local, like cooling 

through shading, regional, like the influence on the rainfall or global, like carbon sequestration 

which can mitigate further global warming (Kremen, 2005). 

 

The data collected by monitoring the indicators can help raise awareness of the benefits of 

food forests and thus strengthen the concept and motivate other farmers to convert their land 

to food forests. As there is not much data on food forests in the Netherlands yet it is important 

to start collecting it in order to build up a database which can be used to compare the services 

provided by food forests with the services provided by other land uses like conventional 

agricultural systems or nature reserves (Slier et al., 2018). 

Results from Interviews 

Most interviewed stakeholders want to use monitoring to prove their achievements, learn from 

and compare their management practices and convince other stakeholders of the feasibility of 

using food forests as a food production system while enhancing other ecosystem services 

(figure 2). Other reasons are increasing the knowledge about food forests, raising their 

ecoliteracy level, which means the understanding of how an ecosystem is functioning, 

receiving subsidies and to demonstrate a solution for the many challenges faced by humanity 

like world hunger, climate change and other ecological problems like the decline of biodiversity 

(see Appendix A). Of course, it is important to keep in mind that the main goal of the different 

food forests considered varies between more social oriented and more economically oriented 

food forests (figure 13, Appendix A).  
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Figure 2: The importance of monitoring according to the selected stakeholders interviewed. 
 

5. Which functions should be monitored according 

to selected Stakeholders? 

Indicators found in ACT projects 

According to research there are functions categorized either according to the triple bottom line 

of sustainability (PPP = people, planet, profit) or by their ecosystem services (cultural, 

provisioning, regulating, supporting) which can be also be classified in the 3P categories. 

In this research the properties have been categorized according to the triple bottom line to 

make it easier to understand for lay people as the ecosystem services approach is much more 

complex and less known of (Verburg and Selnes, 2014). As the main goal of the food forests 

in the Netherlands differ between social, economic and ecological (figure 13, Appendix A) it is 

important to include indicators of all of these categories in the monitoring scheme. I evaluated 

the results of four ‘Academic Consultancy Training’ (ACT) projects done at the WUR which 

have been dealing with monitoring of food forests or, more general, nature inclusive farming, 

including some research about which indicators to use for monitoring. These projects are: ACT 

1843 ‘Sustainable Food Forests: A multi-layered approach to monitoring and evaluation’ 

(Leeuw, Huijssoon, Mens and Mooij,  2017),  ACT 2010 ‘Dutch Food Forest: A low-cost 
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monitoring design’ (Slier et al., 2018), ACT 2037 ‘Tools for an era of change: Developing a 

‘time-travel guide’ to natuurlijke landbouw within nature-inclusive farming systems’ (Li et al., 

2018)  and ACT 2170 ‘A travel guide towards nature inclusive farming’ (Auger et al., 2019).  

 

ACT project 1843 found 105 indicators to monitor the ecological, socio-economic and socio-

cultural functions of food forests. This information was derived from literature research, expert 

interviews and field visits to food forests in the Netherlands (Leeuw et al., 2017). 

 

According to the research done by the ACT group 2010, which focused on regulating and 

supporting ecosystem services, the monitoring should include the ecological indicators 

carbon sequestration (below and above ground), soil enrichment (physical, chemical and 

biological indicators), biodiversity (plant and animal diversity) and water quality and 
quantity (especially groundwater) as well as the economic indicator of production (yield). All 

these services provided by food forests show the great variety of their benefits to humans. 

They identified these indicators as well as present methods how to monitor the indicators 

based on literature reviews, interviews with experts and a field survey of the food forest 

EcoVredeGaard (EVG) (Slier et al., 2018). 

 

The ACT group 2037 interviewed 4 nature inclusive farmers (NIF), namely Geert van der Veer 

Douwe Korting (Herenboeren Wilhelminapark), Lennard Duijvenstijn (Roggebotstaete), Wim 

and Harriëtte van Roessel (De Regte Heijden) and Mariska Slot (Boeren in het Bos). The 

interviews revealed 12 indicators which can be categorized according the people, planet, profit 

approach with an additional category for general services (Li et al., 2018). Figure 3 visualizes 

these indicators and their categorization.  

 
Figure 3: Suggested indicators according to ACT project 2037 
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ACT project 2170 also focused on NIF. They found indicators four the four design principles 

sovereignty, (bio)diversity, circularity and transparency within the context of soil, landscape, 

production and community. These indicators have been identified through literature research, 

interviews and farm visits (Auger et al., 2019).    

 

These four lists of indicators found in the four ACT projects were combined and integrated to 

one extensive list of indicators. This list includes 169 indicators, which are categorized 

according to the triple bottom line of sustainability (people, planet, profit) as well as divided in 

subcategories within these categories. the list also includes the measuring units, a short 

description of each indicator and possible methods that can be used to monitor the indicator. 

This list was presented to the eight interviewed stakeholders. The stakeholders were then 

asked to rank each indicator according to the relevance for the specific stakeholder on a scale 

from 1-5 with 5 being most important to them. Unfortunately, due to time constraints, only two 

of the interviewees returned their feedback on this list. Therefore, the missing information was 

extracted from the interviews themselves. The interviews showed that most stakeholders 

show a high interest in the following indicators. 

Indicators found during interviews 

The most mentioned indicator, mentioned by five of the eight interviewed stakeholders, is the 

‘yield’/’production’ of the food forest. Four of the interviewees mentioned the importance of 

monitoring the ‘SOM/SOC’ as well as the ‘income’ generated by the food forest either through 

selling produce or by offering other services like giving tours through the food forests. 

Mentioned by three stakeholders each are monitoring the ‘soil quality’ as well as the ‘social 

services’ provided by the food forest. Both of these indicators were not further specified and 

leave a lot of room for interpretation and are rather difficult to monitor in a unified way. 

Mentioned by two interviewees each are monitoring the ‘biodiversity’, the ‘water infiltration 

rate’, as well as the ‘time invested’ by the workers (the farmers themselves, volunteers as well 

as paid workers). Other indicators mentioned are: ‘bird biodiversity’, ‘insect biodiversity’, 

‘earthworms’, ‘mycorrhizae’, ‘water holding capacity’, ‘succession process’, ‘indicator species’, 

‘taproots’, ‘carbon sequestration’, ‘above ground biomass’, ‘below ground biomass’, ‘money 

invested’, ‘increase of permaculture knowledge’, ‘number of people involved’, ‘how people get 

along with each other’, the ‘group development’ and ‘spiritual aspects’. This is visualized by 

figure 4. 

Many of these indicators are overlapping like ‘biodiversity’ and ‘bird/insect biodiversity’, ‘soil 

quality’ and ‘SOM/SOC’ as monitoring this is part of monitoring the ‘soil quality’, or the rather 

general indicator ‘social services’ with ‘increase of permaculture knowledge’, ‘number of 
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people involved’, ‘how people get along with each other’, the ‘group development’ and ‘spiritual 

aspects’. 

This shows that many stakeholders have similar ideas on which services in general should be 

monitored but they haven’t thought through which indicators exactly they would need to 

monitor in order to show and compare the individual services provided by the food forests. 

In general it stands out that the economic indicator ‘production’ seems to be the most important 

indicator for most practitioners, however they also emphasize monitoring of income as well as 

ecological services including biodiversity and soil quality, as well as social services which 

would be much more difficult to monitor. 

 

 

 
Figure 4: Indicators mentioned as most important by the 8 interviewed stakeholders 

Indicator list 

For incorporating these indicators mentioned in the interviews in the ranked extended indicator 

list, the indicators were ranked according to the following scheme: if the interviewee mentioned 

an indicator to be most important this indicator received a rank of 5, if they mentioned an 

indicator otherwise, e.g. as already monitored or interesting to monitor in the future this 

indicator received a rank of 3. All other non-mentioned indicators received a rank of 1. 

If one of the interviewees mentioned an indicator which had not been incorporated in the 

extended list, it was simply added to the list. For the two stakeholders that did return their 

ranking the whole list with the rankings was used instead of the list retrieved from the 

interviews as this is more exact. This may lead to some inconsistencies, which could not have 

been prevented. The complete list can be found in a separate excel spreadsheet. Hereby, the 

indicators that received the highest ranks (> 2) are highlighted with a green colour and the 
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indicators ranked 1.75 or higher are highlighted with a yellow colour. 

The reduced indicator list (see Appendix B, table 2) shows the 44 indicators which received at 

least 1.75 points on average. The ranking showed that most interviewed stakeholders 

emphasize the monitoring of ecological and economic indicators.  

 

Core indicators 

To define the indicators making up the core of the monitoring plan, one must consider the 

indicators with the highest rank (average rank > 2). These are 1. ‘SOM/SOC’, which were 

combined as one indicator as one can easily be derived from the other. 2. ‘Yield’,  3. ‘Profit’ 
generated by the products produced in the food forest and ‘Net Cash flow’, which can be 

combined as ‘Income’ with a distinction between ‘Income’ resulting from products of the food 

forests and other income flows as well as ‘Animal biodiversity’. The fourth most important 

indicator is ‘Insect biodiversity’ which is part of the animal biodiversity. The fifth most 

important indicators are the ‘Infiltration rate’ and the ‘Amount of earthworms in the soil’. 
The sixth most important indicators are ‘Soil structure’, the ‘Above ground biomass’ and 

the ‘Bird biodiversity’ as part of the animal biodiversity, ‘Land input’ and ‘Subsidies’. 

Seventh most important are ‘Keystone species’, ‘Workforce’, which is the total amount of 

people working in the food forest and ‘Number of volunteers’, which is actually a part of 

‘Workforce’. Therefore, ‘Workforce’ can be divided in ‘Number of employees’ and ‘Number 
of volunteers’.            

As the indicator ‘Animal biodiversity’ overlaps with ‘Insect biodiversity’ and ‘Bird biodiversity’., 

for now, they will all be combined under ‘Animal biodiversity’ and will be further discussed in 

chapter 4. ‘Keystone species’ also overlaps with ‘Animal biodiversity’, however it will be treated 

as a separate indicator, as it also includes plant species and can be used as a systems 

indicator which will be further explored in the next chapter. 

 

This results in 13 indicators that cover all the three pillars of the triple bottom line of 

sustainability (people, planet, profit), which are visualized by table 1. However, it is very time 

consuming for the practitioners to monitor all of these indicators. Moreover, maybe some are 

even not applicable to part of the food forests, as for example the social food forests, e.g. 

EcoVredeGaard and Nieuwe Erven, do not generate any income. Nonetheless, standardized 

methods to monitor these indicators must be defined, taking into account the feasibility of 

monitoring all of them considering time effort, executability by (unexperienced) volunteers and 

financial restrictions.  
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Table 1: Overview of the 13 most important indicators 

Ecological Indicators Economic Indicators Social Indicators 

SOM/SOC Yield Number of employees 

Infiltration rate Income Number of volunteers 

Animal biodiversity Land input  

Soil structure Subsidies  

Amount of earthworms   

Above ground biomass (Plant / 
Tree Biomass)   

Keystone species   

          

Limitations 

One major factor to keep in mind is that the main goal differs for each food forest. And, of 

course the different goals highly influence the importance of monitoring the different indicators. 

Most practitioners’ main goals are to proof the economic feasibility of combining food 

production with nature restoration and thus providing other ecological services like increasing 

the biodiversity or improving the soil quality (figure 13, Appendix A). The food forests whose 

main goals are the social aspects don’t aim to have an economic value and therefore do not 

generate any income with the production of food. Therefore, a core set of indicators must be 

defined which mainly includes ecological indicators which can be monitored by all food forest 
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practitioners regardless of their main goal. However, as production and income seem to be 

most important to many practitioners this should also be included in the core but only 

monitored if it aligns with the goal of the food forest. The same goes for the social services 

included in the core, these only have to be monitored if they align with the goal of the food 

forest. 

Another limitation is the availability of financial resources. As the different food forests have 

very differing budgets for doing research, the quantity and quality of the monitoring may be 

looked at very differently. This means that some food forests have the resources to hire 

professionals to monitor certain services like soil quality while others completely depend on 

the work of volunteers. This may result in inconsistencies as well as great differences in data 

quality as volunteers are usually no experts and may make mistakes in the monitoring or a 

change in volunteers may cause the quality of the data to be inconsistent. 

6. How can biodiversity be monitored on a systems 

scale? 
Biological indicators are living organisms that can serve as representatives of the more 

complex functioning of the system. They can be divided in three categories: 

- Environmental indicators react predictably to changes in the abiotic or biotic 

environment (McGeoch, 1998). Therefore, they can be used to diagnose changes in 

the state of the environment which makes them a very useful tool in environmental 

policy making (Gerhardt, 2011). 

- Ecological indicators refer to species which have a high sensitivity to external stresses 

like pollution or habitat fragmentation (Gerhardt, 2011). 

- Biodiversity indicators can be used to reflect the species richness of other organisms 

by measuring the species richness of the group of taxa or functional group referred to 

as the biodiversity indicator (McGeoch, 1998). 

Therefore, it would be favorable to identify species that represent every type of these three 

indicators in food forests. This, however, can be quite challenging as every ecosystem is 

unique and very complex hence the choice of indicators highly depends on the location and 

external factors (like climatic conditions...). 

According to Rainio and Niemela (2003) a good indicator should fulfil the following 

requirements: it “should have well-known taxonomy and ecology, be distributed over a 

broad geographic area, have specialization to certain habitat requirements, provide early 
warning of change, be easy and cost-effective to survey, be relatively independent of 
sample size, its response should reflect the response of other species, one should be able 
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to differentiate between natural cycles or trends and those induced by anthropogenic 

stress, and it should be of potential economic importance.” 

One valuable indicator that fulfils many of the above mentioned requirements are keystone 

species. Keystone species are organisms specific to their ecosystems. The absence of this 

keystone species would result in dramatic changes in the ecosystem or cause it to completely 

collapse. This is because keystone species have a unique ecological niche that can not be 

occupied by other organisms. Therefore, the ecosystem would be forced to adjust and 

seriously change allowing new and possibly invasive species to populate the habitat (Evers, 

2017).  

Therefore, identifying animal as well as plant keystone species of the food forest could help to 

monitor the overall health of the ecosystem on a systems scale although it is a time consuming 

tasks and requires a great understanding of the system and all its interactions (Libralato,  

Christensen and Pauly, 2006). 

 

As monitoring animal biodiversity has many facets it can be easier to monitor species of a 

certain functional group from a lower trophic level which affects the whole ecosystem. Insects 

for example play a major role in many important processes such as pollination, their 

functioning as herbivores and detritivores, nutrient cycling and serving as a food source for 

other animal species like birds, mammals and amphibians (Hallmann, Sorg, Jongejans, 

Siepel, Hofland, et al., 2017). Moreover, some play an important role as predators for other 

insects (Weseloh and Hare, 2009). Therefore, instead of monitoring the abundance of all 

species occurring in the food forests individually it could only be looked at the insect 

abundance. This can serve as an indicator for the whole ecosystem health including the 

occurrence of birds, mammals and amphibians as all of these species at least partly require 

insects as a food source. 

 

The same principle applies to monitoring plant species. Instead of making an inventory of all 

the different plant species and their abundance, it could be looked at a selection of plants from 

different functional groups. 
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7. Which methods should be used to monitor the 

selected indicators taking into account the feasibility 

as in executability by volunteers and financial 

restrictions? 
 

In order to answer this question, the 13 most important indicators according to the interviewed 

stakeholders will be further explored and the feasibility of monitoring them with selected 

methods determined. Hereby, the executability by volunteers as well as the costs according 

to research and interviews carried out with experts and the different goals of the practitioners 

will be taken into account. In general, it can be said that the time efforts are also subject to the 

size of the food forest. The ecological indicators should be monitored by all food forests as 

these are at least one of the sub goals of every food forest. Economic indicators will only apply 

for those food forests with an economic goal and the social indicators only to those following 

social goals. 

Most Important Indicators 

 

1. SOM/SOC (ecological indicator): Monitoring of the SOM/SOC can be performed by 

every food forest regardless of their main goal. This can be done by experts in a 

laboratory e.g. as part of a general soil properties test, which can be quite costly 

(1000€-1500€/ha) (Interview: Syne Vonk, 20.03.2019, unpublished) or by volunteers 

with the ‘loss on ignition’ method (Slier et al., 2018) if they have access to an oven that 

heats up to at least 550°C, which could be an issue. If the food forests do have the 

financial matters to let experts execute a general soil test this is the preferred method 

as it delivers multiple values for different soil properties at once. However, this can 

become quite expensive, especially considering the testing of the food forests on a 

yearly basis. The ‘loss on ignition’ method on the other hand can be executed by 

volunteers and is therefore much cheaper although more time consuming. This method 

is as exact as the laboratory test in determining SOM content from which the SOC 

content can be derived using a factor depending on the soil type. However, Sparks et 

al. (1996) define the universal factor SOM = 1.724 * SOC or SOC = 0.58 * SOM, that 

can be used otherwise. In this case the preferred method depends on the feasibility for 

the individual food forests which is the laboratory soil test if the food forest can afford 
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it or the ‘loss on ignition’ method if the general soil test is too expensive. 

 

2. Yield (economic indicator): Monitoring the yield of the different plants in the food 

forest only applies to those food forests which are aiming to produce an income with 

the selling of the produce. These products include anything that is harvested from the 

forest including food, timber as well as plants used for medicinal purposes. 

Social/community food forests, where people can just go into the food forest and pick 

the food, can hardly monitor this as every person would have to note down how much 

of which product they harvested. However, for the other food forests which follow more 

economic goals this will be easy to monitor as they only have to do bookkeeping about 

the quantities harvested. Hereby, it should be kept in mind, that most food forests will 

not harvest 100% of the yield of their plants as some part will be left for animals. As 

this part is difficult to monitor only the amount actually harvested should be monitored 

although an estimation can be made on the total yield which however will most likely 

not result in an accurate outcome as it is very difficult to estimate the yield of single 

trees. Suggested method: bookkeeping. 
 

3. Income (economic indicator): The income also only applies to those food forests 

which follow an economic goal. It is relatively easy and cheap to monitor as it can be 

done through bookkeeping by differentiating the income generated by produce of the 

food forest and those generated by other activities like giving tours, courses or 

workshops. Suggested method: bookkeeping. 
 

4. Animal biodiversity (ecological indicator): Increasing the animal biodiversity seems 

to be one of the most important aims for most of the food forests. The type of animals 

they would like to monitor or have already monitored differs from birds to insects, like 

pollinators (butterflies or bees) or beetles, mammals, amphibia and reptiles. Most 

mentioned hereby, was the monitoring of insects.  

a. De FlinderStichting, the Dutch butterfly conservation foundation pointed out 

that there are many volunteers interested in the monitoring of butterflies, as 

they are relatively easy to monitor. A collaboration with de FlinderStichting for 

monitoring butterflies in food forests in the Netherlands could be started and 

volunteers could even be found with the help of the foundation. Moreover, the 

foundation provides volunteers with a tool that helps them identify the different 

butterflies. The suggested method to monitor butterflies are plot and line-

transect walks. This should preferably be done on a weekly basis from April to 

September.  



 
Antonia Elvers    Internship Report     14.07.2019 
931109223070    Indicators for Monitoring Food Forests 

20 

 

b. There might be more volunteers willing to monitor butterflies, however, the 

expert from de FlinderStichting also mentioned that in forests the monitoring of 

nocturnal butterflies is a much better indicator, although more difficult to 

identify. This is since diurnal butterflies are often only poorly represented in 

woodlands compared to nocturnal butterflies (Kitching, 2000). The nocturnal 

butterflies can be monitored with the light trap method which needs to be done 

at least 6 times from April to September. This is less time consuming than the 

monitoring of diurnal butterflies, but it is more difficult to distinguish the different 

nocturnal butterflies from each other.  

c. Other pollinators that can be monitored are bees which can be done with the 

bucket trap method (Slier et al., 2018).  

d. Another indicator can be ground-dwelling beetles which can be monitored with 

the pitfall-trap method between May and August (Slier et al., 2018), which is 

easily executable by volunteers although it requires some fundamental 

knowledge to distinguish the different beetle species from each other.  

e. To provide an overall overview of the amount of flying insects in the food forest 

it is also possible to agree on a biomass weight count. This way you do not get 

an overview of the different species but of the total amount of insects according 

to their biomass weight (Hallmann, Sorg, Jongejans, Siepel, Hofland, et al. 

,2017). This can be done using a Malaise trap.  

Evans (2016) explains “Malaise traps are ‘tent-like’ passive intercept traps that 

primarily catch flying insects. They are usually set in contact with the ground to 

collect low flying species (they also catch some insects that emerge from the 

ground below the trap or that climb up from the ground). They can also be set 

in the forest canopy to sample flying insects. The numbers of flying insects 

caught relate to both their activity levels (temperature and weather conditions) 

and their abundance. They are particularly good for sampling beetles.” An 

extensive insect biomass count was conducted on 63 nature protection areas 

in Germany over a period of 27 years. This study showed that the flying insect 

biomass declined by over 75% during this time period (Hallmann, Sorg, 

Jongejans, Siepel, Hofland, et al., 2017).  

This method would not give an indication of specific species occurring in the 

food forest, however the flying insect biomass weight count might be the 

easiest method to execute for untrained volunteers as it doesn’t require any 

knowledge about any individual insect species.  

f. For the monitoring of birds ‘Sovon’ was contacted, which is a non-profit 

organization that keeps track of the occurrence and development of Dutch birds 
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in the Netherlands (Sovon, n.d.). The experts of ‘Sovon’ recommended the 

territory mapping as most suitable method as it gives a good estimate of 

absolute numbers per site. He recommends including all species, also the 

common ones. This monitoring, however, does require skilled/trained 

volunteers which can distinguish the different birds by sight and sound (see 

Appendix C, E-mail - Sovon Expert).  

 

In general, it can be said that it would be preferable to monitor all these animal 

biodiversity indicators in a standardized way. However, though the materials needed 

for the different measurements are relatively cheap these measurements are very time 

consuming and highly depend on the level of expertise of the volunteers. Therefore, it 

is unrealistic to monitor all animal biodiversity indicators in every food forest. As the 

insect biomass monitoring is the easiest to execute this is the suggested method, 

however, at each food forest it can be decided individually which animal biodiversity 

indicator they prefer to monitor as well as which method is feasible to use as each 

continuous animal biodiversity monitoring would result in showing the development of 

the biodiversity in the food forest. 

 

5. Infiltration rate (ecological indicator): The water infiltration rate can be tested by 

volunteers using the ring infiltrometer method (Slier et al., 2018). This can be 

performed on a yearly basis by every food forest as it is very cheap and not very time 

consuming. 
 

6. Amount of earthworms (ecological indicator): The amount of earthworms can be 

determined in every food forest on a yearly basis. A combination of the excavation and 

mustard method can be used in order to lure out the earthworms from the different soil 

layers (Slier et al., 2018). Hereby, the top layer of soil in a certain plot is dug out and 

searched through for earthworms. Then a mustard solution is applied to the deeper 

layers of the soil to drive out deeper dwelling earthworm species. This way either the 

total amount of earthworms can be counted, which is easy to execute by untrained 

volunteers or the earthworm species can be determined using a comparison chart 

(Slier et al., 2018). This method is relatively easy to execute by volunteers as well as 

very cheap. 

 
7. Soil Structure (ecological indicator): The soil structure is an ecological indicator for 

the soil properties and can be monitored in all food forests. Soil structure can be used 

as an indicator for root development, water infiltration and water availability (Vineyard 
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Activity Guides, 2010). Therefore, it may not be necessary to monitor both soil structure 

and water infiltration rate. Moreover, soil structure is difficult to characterize and 

measure, especially if the soil structure changes in different weather conditions 

(Coughlan, Mcgarry, Loch, Bridge and Smith, 1991). Also, changing volunteers may 

have subjective impressions on the soil structure. Therefore, it is not advisable to 

measure the soil structure as one of the core indicators. If wanted however, soil 

structure can be determined by observation and description using a chart e.g. as 

suggested by Ball et al. (2017).  
 

8. Above ground biomass (Plant / Tree Biomass)(ecological indicator): The above 

ground biomass can be used as an indicator of above ground carbon sequestration. It 

can be estimated by using the stemwood biomass method (Slier et al., 2018), where 

measurements of tree circumference and height in combination with the specific tree 

density will give an estimate about the total biomass from which the amount of carbon 

sequestered can be derived. This method requires the knowledge about the wood 

density of each tree species and is very time consuming (depending on the size of the 

food forest and the amount of trees present) as the measurements have to be taken 

for each tree individually. If given a chart with the wood densities this method is, 

however, executable by any volunteer as it only requires the measuring of the 

circumference and height of each tree followed by some calculations. The height of a 

tree can be measured with e.g. the ‘piece of paper’ method for an estimation or by 

using a clinometer (Field Studies Council, n.d.). 
 

9. Land input (ecological indicator): This refers to the size of land that is used for the 

food forest and can easily be kept track of as it only requires bookkeeping of the 

amount of land used for the food forest, usually only once in the beginning of the food 

forest development or at any time the food forest is expanded. 
 

10. Subsidies (economic indicator): This only applies to food forests receiving subsidies 

in any form and can easily be kept track of through bookkeeping. 
 

11. Keystone species:  The easiest way to keep track of as well as identify keystone 

species in the food forest is through general observations. General observations 

should be done on a regular basis e.g. every week. During these general observations 

the observer can learn about the food forest functioning by noting down new 

developments within the food forest regarding plant as well as animal species. These 

findings should all be noted down by the observer in a descriptive way. If the food 
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forest practitioners, however, do have the capacities to identify keystone species as 

described e.g. by Libralato, Christensen and Pauly (2006) monitoring these would be 

the best option. But the individual keystone species may vary between the different 

food forests and therefore this monitoring serves more as an individual monitoring of 

the development of each food forest than in terms of comparison between the food 

forests.  

 

12. Number of Employees (social indicator): Keeping track of the employees can easily 

be done through bookkeeping and applies to all food forests that hire workers for any 

task.  

 

13. Number of volunteers (social indicator): This is the most often mentioned social 

indicator. It only applies to food forests following a social goal. Keeping track of the 

number of volunteers means noting down how many volunteers participate in which 

activity. E.g. how many volunteers attend to the weekly working sessions or how many 

volunteers are giving guided tours or other workshops/courses? It may be challenging 

to keep track of it accurately as the number of volunteers can change greatly within a 

short period of time, but the yearly average can indicate how many people are involved 

on a regular basis.  
                       

An overview of these indicators, the methods, feasibility and costs can be found in the 

Appendix B (tables 3-6) 

8. What is currently being monitored at the different 

food forests and what are the gaps? 

At the moment, none of the interviewed practitioners have established a monitoring plan which 

they continuously execute but they rather randomly monitor whatever the volunteers at that 

point offer to monitor (see Appendix A).  

Many of the practitioners conduct general observations to get an impression of how the food 

forest is developing (figure 5). Apart from that, some monitoring of the biodiversity of different 

animal and plant species has been done at the different food forests. Another indicator that 

has been measured is the soil organic matter (SOM)/soil organic carbon (SOC) as an indicator 

of the soil quality, and a few food forests have been investigating other soil properties as well. 

Monitoring the fluctuations of the ground water level seems to be another important indicator 

as three of the food forests have already been doing some regular observations on this. Apart 
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from these ecological indicators some of the food forests, which generate income, already 

monitored economic aspects such as the yield, income and labour time. The social aspect on 

the other hand has not been paid much attention to in terms of monitoring yet, on the one 

hand because few food forests focus on the social aspect, on the other hand because the 

social aspects are much harder to monitor as many of them would require lengthy and time 

consuming qualitative studies. 

This shows that some information has been collected but not in a systematic way, which 

makes comparing this data with other locations or even future developments rather difficult as 

not even the same methods might be used for monitoring the indicators. 

 

 
Figure 5: Indicators monitored by the different stakeholders 



 
Antonia Elvers    Internship Report     14.07.2019 
931109223070    Indicators for Monitoring Food Forests 

25 

 

Looking at the 13 core indicators this shows that most monitoring has been done through 

general observations, which can be used to monitor ‘Keystone species’. Moreover, at least 

half of the food forests have already monitored ‘SOM/SOC’ as well as some ‘Animal 

biodiversity’, mostly ‘Birds’ or ‘Insects’. The indicators ‘Yield’, ‘Infiltration rate’, ‘Earthworms’, 

‘Soil structure’, ‘Above ground biomass’ and ‘Subsidies’ have only been monitored by very few 

food forests. However, the indicators ‘Land input’, ‘Number of employees’ and ‘Number of 

volunteers’ have not been paid any attention to yet (see figure 6). This shows that in general 

the food forests need to establish and agree upon a core set of indicators in order to enable a 

comparison of all the different services provided by the different food forests, ecological, 

economic as well as social. Especially the social services, which have not been paid any 

attention to yet, should be included in the systematic monitoring plan. Of co,urse each food 

forest can still monitor additional indicators depending on their goals, availability of volunteers 

as well as financial resources. 

 

Figure 6: Core indicators monitored by the different stakeholders 

9. Conclusion 
How can monitoring of food forests be carried out realistically (in terms of executability 
and costs) to draw comparable results within and between different food forests? 

 

The 13 most important indicators (figure 9) consisting of seven ecological, four economic and 

two social indicators, can make up the core of indicators to be monitored by all food forests if 

they apply to them. Most indicators can easily be monitored by volunteers or kept track of by 

the practitioners themselves and the methods for monitoring them do not cost a lot of money. 

Especially the economic indicators can easily be kept track of by the practitioners themselves. 

The social indicators can be a bit more challenging to keep track of, but the most monitoring 
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work, which requires volunteers, is for monitoring the eight ecological indicators. It would be 

favorable if the food forest practitioners agreed on using the same methods for monitoring, 

however it is already a great achievement if everyone would monitor these core indicators. 

This would already visualize the development of the individual food forest, which is the main 

goal of monitoring for most food forest practitioners (figure 13, Appendix A). Regarding the 

animal biodiversity indicators, it is okay for the food forests not to monitor the same animal 

species as monitoring any animal species over a longer period of time can show the increase 

in biodiversity. Hereby the availability of trained volunteers determines the possibility to 

monitor certain animal species.  

 

These 13 core indicators (figure 7) can easily be extended with further indicators based on the 

ranking of the stakeholders, as visualised by the 2nd (figure 8), 3rd (figure 9) and 4th layer 

(figure 10) of indicators, depending on the interests, willingness as well as time availability and 

volunteer workforce of the different food forests. A food forests with a higher interest in the 

social indicators could e.g. monitor the core indicators, except for the economic indicators if 

they do not apply, and additionally monitor more social indicators of the 2nd, 3rd and 4th layer. 

In food forests with a high interest in the ecological aspects the core indicators can be 

monitored, which can e.g. be extended with some other ecological indicators of the 2nd layer. 

  
Figure 7: Core set of Indicators    Figure 8: 2nd layer of Indicators  
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Figure 9: 3rd layer of indicators    Figure 10: 4th layer of indicators 

 

The importance to start monitoring the ecological indicators at the earliest time possible should 

be communicated to the food forest practitioners so that the baseline data is generated which 

can then be compared with follow up studies. This would especially help to proof the true 

ecological value of food forests and help food forest practitioners to receive subsidies for 

providing ecosystem services.  

In general, it is crucial to start monitoring the different services of food forests in a systematic 

way as soon as possible in order to show the possibilities of this alternative agricultural system 

in combining the provision of food with providing ecological services. This way food forests 

could contribute to mitigate nature degradation resulting from other land use activities like 

conventional agricultural systems. 

10. Challenges and Recommendations 
● Understanding of interactions between indicators 

One major challenge is to understand and communicate all the interactions between 

the different indicators. Ecosystems are very complex and therefore the change in one 

indicator will be correlated to other indicator changes. Hence, there is no need to 

actually monitor all indicators individually as changes in some indicators can be derived 

from other variables. However, it is very difficult to completely understand the whole 

system.  
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● Missing universal food forest definition  

What actually differentiates a food forest from another agroforestry system or from a 

home garden with trees? This issue is very difficult to tackle. The Green Deal 

Voedselbossen has published their definition of food forests, but if this definition is 

accepted by the policy makers it also means that many other ‘food forests’ would not 

fall under this definition, like most that call themselves food forests at the moment do. 

Therefore, these food forests could not be officially recognized as food forests, which 

would disable them from receiving subsidies or other benefits assigned specifically to 

food forests. Therefore, a loose definition might be the key, but this might be more 

difficult to get recognition of by the government.  

 

● How to get all food forests in the Netherlands to participate in monitoring? 

This task could be taken on by the Green Deal Voedselbossen, as they are the biggest 

food forest initiative of the Netherlands. They could get together the ‘big’ food forest 

practitioners, discuss the suggested core set of indicators as well as methods to be 

used to monitor these indicators with them and reach out to other food forests with the 

request to join the monitoring program. The Green Deal Voedselbossen could also 

help other food forest practitioners in realizing this monitoring either by supporting them 

financially or by helping them to find volunteers that could take over the monitoring of 

certain functions.  

 

● Decide on sampling methods (random, stratified, systematic?) 

The investigation of sampling methods not been part of this research as time 

constraints restricted the research about the different methods used for monitoring. 

The sampling methods should be consistent and agreed upon by the main 

stakeholders prior to executing the monitoring. 

 

● Decide on frequency of monitoring intervals 

It is important to consider the monitoring intervals for the different indicators, as some 

indicators should be monitored on a yearly basis, whereas other indicators might not 

change a lot within a year, like e.g. SOC/SOM. These should be monitored in longer 

intervals as otherwise the practitioners would spend a lot of money and time for the 

monitoring which could be used more efficiently. Therefore, research about the most 

constructive intervals for each indicator should be carried out and communicated to 

the stakeholders. 
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● Common food forest database 

It would be convenient to develop a database for the 13 core indicators or any other 

indicators monitored in the different food forests. Such a data collection should be 

accessible for any food forest practitioner to compare the development of his or her 

food forest with that of other practitioners as well as by researchers as a base for 

analyses. These data could also be provided to policy makers or other stakeholders in 

order to show the impact food forests.  

 

● Volunteers: how to find them, motivate them & prevent mistakes? 

At the moment many food forests depend on volunteers for monitoring, which are 

mostly students. By extending and standardizing the monitoring program for food 

forests also the amount of volunteers must be expanded. This could be done by e.g. 

promoting monitoring of food forests in University courses as well as offering theses 

and internships on this. Hereby, a collaboration with certain food forests can be 

established. Moreover, it would be advantageous to motivate more local citizens to 

help with the monitoring and try to get the same volunteers to monitor over a longer 

period of time, like multiple years. The interviewees mentioned that they try to motivate 

volunteers by offering opportunities to learn and gain experience as well as sharing 

the monitoring results or by communicating the opportunities to socialize and being in 

nature next to directly approaching students as can be seen in figure 11. A volunteer 

that continuously monitors the same indicator over multiple years will also use the 

same methods in the same way and therefore preclude major mistakes from 

influencing the results. If volunteers keep changing, this might result in inconsistencies 

in executing the different measurements. Moreover, most volunteers will need some 

guidance from experts in order to correctly execute the selected methods for 

monitoring. All these issues must be considered and need to be given some more 

attention and further investigation.  
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Figure 11: How the food forest practitioners try to motivate volunteers 

 

● Recognition from government 

In order to get supported and recognized from the government it is necessary to proof 

the many benefits provided by food forests. This can hopefully be achieved through a 

generalized systematic monitoring program in collaboration of the ‘big’ food forest 

practitioners.  

 

● Financial support 

Many practitioners mentioned the lack of subsidies and financial support being a 

problem in the development of, the transition to as well as the monitoring of food 

forests. The many advantages of food forests are not yet recognized by policy makers, 

however it is clear that the conventional agricultural systems are continuously 

degrading the environment. Therefore, conventional agricultural farmers should be 

given incentives to adjust their management practices, since without the support they 

would suffer serious financial losses in the transitioning phase, which would result in 

the conventional farmers not considering the change. Also new food forest 

practitioners should receive some financial support as they will contribute to a healthier 

environment and maybe even offer social services to the community. Moreover, many 

food forest practitioners see the government in charge of the monitoring and do not 

see why they should be paying for the monitoring themselves. Therefore, a solution to 

support the initiators of food forests must be found in order to support these alternative 

agricultural systems. Hopefully a systematic monitoring of the food forests can initiate 

this goal.  
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● Education about food forests 

Attention must be raised about the feasibility of alternative food production systems. It 

should be educated in universities, but also communicated to other stakeholders like 

conventional farmers and policy makers. This can also be tackled by the Green Deal 

Voedselbossen by communicating the importance of the issue as well as bringing the 

success stories of practitioners to the public. Of course some food forests themselves 

already publish their results or offer guided tours and courses that educate interested 

people about their food forests. However, to reach a broader audience a collaboration 

between the different practitioners is needed, which is realized by the Green Deal  

Voedselbossen. 

 

● Fear of exotic species  

A lot of resistance from ecologists and governments results from the fear from the use 

of exotic species in what the food forest practitioners claim to bring ecological benefits. 

On the one hand exotic species can cause a hazard to invade the local flora and fauna. 

However, compared to conventional agricultural systems, the great biodiversity of the 

plants used in food forests also contributes to a greater habitat for local plant and 

animal species. Wouter van Eck also mentioned that there is a whole series of species 

that used to exist in Europe, but died out during the Ice Ages. They are now counted 

among the exotics. At the same time there are many examples of so-called 

archeophytes, species that are labeled as indigenous, but which did not originate in 

our territory at all. Sometimes we don't even realize that they ended up in the 

Netherlands due to human activity, like the apple or medlar. Therefore, a large part of 

Dutch agricultural crops is exotic. So the food forests including also exotic species do 

actually not differ from other agricultural systems in terms of growing exotic species 

(Toekomstboeren, n.d.). 

   

● How can the different services of food forests (ecological, economic and social) be 

compared to other land use activities (conventional agricultural systems, nature 

reserves...)? 

The results derived from the monitoring can serve as a base for comparison with other 

land use activities. However, the methods used for monitoring may differ greatly, as 

well as the specific indicators used to monitor the different land use activities. 

Sustainability indicators developed for agricultural systems by the OECD e.g. include 

monitoring, the soil, water, air and climate change biodiversity and agricultural inputs 

and outputs (OECD, 2013) as visualized by figure 12. 
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Therefore, a solid way to compare food forests with other land use activities must be 

further looked into and a method to compare the different benefits must be developed. 

This might be possible using a multi criteria analysis by which the different services 

and their positive impacts will be ranked and can thus be compared to other land use  

activities.  

 

 
Figure 12: Agro-environmental indicators as defined by the OECD (Królczyk and Latawiec (n.d.), derived 

from OECD, 2013). 
 

● Methods 

The methods suggested in this report are mostly derived from the evaluated ACT 

projects. Some methods come from literature research and expert interviews. However 

it has not been done an extensive literature research and comparison between the 

different methods available. This can be elaborated upon in the future. 
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● Costs 

It was very challenging to find information about the actual costs of the different 

methods. This can also be further dived into in follow up research. 
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Appendix A - Food Forests, RFGN and Rich 

Forests 
In order to get valuable results, I conducted interviews with food forest practitioners in the 

Netherlands who focus on different aims. Some focus on the economic aspect and some 

others on the social aspect of food forests, however almost all of them emphasized the 

importance of ecological services provided by their food forests as well. In total I conducted 

8 interviews with stakeholders. I interviewed 6 practitioners: Syne Vonk from the food forest 

EcoVredeGaard, Kees van Veluw from the Droevendaal food forest, Wouter van Eck from 

Ketelbroek, Jonas Steinfeld from Den Food Bosch, Frank Gorter from Landgoed Welna and 

Chantal van Genderen from Nieuwe Erven. Moreover, I interviewed Paul de Graaf and 

Bastiaan Roduijn from the Rotterdam Forest Garden Netwerk, an organization which helps 

other interested people to implement food forests and Roos Nijpels from the NGO Rich 

Forests. These stakeholders where selected due to their relevance for my research as well 

as based on their availability as I did contact many more stakeholders which unfortunately 

did not find the time for an interview with me. 

In the following I will explain the main goals of the food forest for each practitioner as well 

as the activities offered at the food forests, the economic value of the food forest and the 

different management practices applied. If more information about individual interviews is 

requested, please contact i.r. Jeroen Kruit. 

Syne Vonk - EcoVredeGaard 

The food forest EcoVredeGaard was started in 

2015 by the foundation EcoVrede on a former 

conventional agricultural land area. It is 

located in Elst, a small town between Arnhem 

and Nijmegen. This food forest was intended 

with a  focus on the social aspects. The 

EcoVrede foundation does not aim to produce 

a lot of food with the food forest for financial 

reasons but to share the products with the people in need. The goal is to help people to 

connect with nature while mitigating nature degradation and increasing biodiversity. With this 

food forest Mr. Vonk and his foundation EcoVrede want to show the public an alternative 

agricultural system which is not degrading the environment. The EcoVrede foundation thus 

neither generates income with the produce nor with the other activities offered at their food 
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forest. These activities include education of the community, schools and the waterboard, 

communication with neighboring farmers and the local government as well as opportunities 

for volunteers to monitor different services provided by the food forest. At EcoVredeGaard 

they do apply some organic fertilizer made from old fruit and vegetables combined with grass 

and sheep manure. Moreover, to balance out the acidity of the soil, they spread eggshells on 

the ground of the food forest. Furthermore, they created a pond to which they added 

microorganisms from another waterbody to activate the water and added some goldfish to it. 

When asked about the current monitoring situation and the purpose of the monitoring Mr. Vonk 

mentioned an interesting aspect: ‘Since no two locations will be exactly the same in the 

species they inhabit as well as the history of the location and the management practices 

applied you can not really compare them’ (Interview: Syne Vonk, 20.03.2019, unpublished). 

As this is true for every food forest in the Netherlands he would mainly like to keep track of the 

development of his own food forests and show the public that there is an alternative to the 

often nature degrading conventional agricultural systems because: ‘We need to restore 

nature, our own health and the whole system in general. The question is will we as a human 

species survive? Will we be able to change our mindset? Because nature will survive and 

progress but we humans may go extinct if we do not act and work together with nature.’ 

(Interview: Syne Vonk, 20.03.2019, unpublished). 

 

Kees van Veluw - Droevendaal Food Forest 

The Droevendaal Food Forest was started in 2018 on an 

apple orchard and covers an area of 1 ha. It is located on the 

property of the Wageningen University and Research (WUR) 

in Wageningen. Mr. van Veluw would like it to become a 

mature food forests within 10 years of time. It should feed 10 

people with all the nutrients they require and produce an 

income of 40.000€ for one person by selling all the food 

produced by the food forest as well as the ecosystem  

[6]        services, the courses and tours and maybe also books he is 

planning to write about the food forest in the future. Moreover, he would like to improve the 

soil and provide social as well as spiritual services to the community. Mr. van Veluw offers 

tours to all kinds of people and provides opportunities for students for internships or theses. 

Furthermore, the food forest serves as ground for different sorts of educational events like 

school visits, pruning courses and the ‘Wageningen Worm Championship’. At the moment 

Mr. van Veluw still has a pruner pruning the old apple trees which he is going to keep 
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employed as long as the pruner wants to work there but he doesn’t want him to prune the 

newly planted trees. Furthermore, Mr. van Veluw keeps chickens in a chicken tractor at his 

food forest which needs to be moved around the food forest every day. Additionally, he 

needs to add chicken feed as the forest doesn’t produce enough food to sustain the 

chickens, yet. However, the biggest input to his food forest comes in the form of thinking 

hours: ‘The more the ecoliteracy level is increasing, the more possibilities you see and then 

it’s difficult to choose, so you have to think even more. But of course on a certain moment 

you have to decide on something, otherwise I can design for 10 years and then nothing 

happens so that is always a delicate moment to say okay, now we have thought enough, it is 

the best knowledge and insights we can get for now and now I have to decide what to do’ 

(Interview: Kees van Veluw, 22.03.2019, unpublished). Kees defines ecoliteracy as ‘the 

ability to read the book of nature’. 

Wouter van Eck - Ketelbroek 

The food forest Ketelbroek was started in 

2009 by Wouter van Eck and Pieter Jansen 

on a 2.4 ha piece of former conventional 

agricultural land. It is located in Groesbeek, a 

small town south east of Nijmegen. The main 

[7]          goal of this food forest is to show the public 

that it is possible to combine nature with food production. The food forest Ketelbroek 

generates an income with the produce sold to a local restaurant, a local brewery as well as 

to an organic shop. Additional income is generated by activities offered at this food forest like 

guided tours and food forest courses which take place at different locations though. At this 

food forest students also have the opportunity to absolve their internships or theses by 

helping with monitoring or managing the ‘nature area’ of the food forest. Mr. van Eck said 

that they: ‘created a wetland condition and to avoid the wetland becoming a swampy forest 

we have to cut trees.’ ‘It’s causing us most of the work, since if you do nothing it will return to 

a forest like 90% of the surface of Europe would’ (Interview: Wouter van Eck, 03.04.2019, 

unpublished). Mr. van Eck states that for his food forest he hardly applies any management 

practices, as he developed it in a way to sustain itself. The nature area however, which is 

‘planned nature’ requires regular attention. 
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Jonas Steinfeld - Den Food Bosch 

Den Food Bosch is an experimental food forest 

which was started in the end of 2017 on 0.8 ha of 

land, which used to be conventional monocultural 

maize field. It is located in Sint-Michielsgestel, in the 

province of North Brabant and was initiated by 

highly motivated students who managed to get 

funding for it from the local government. With this 

food forest they want to try out different ideas and  

[8]           generate data in order to show how productive 

ecosystems can look like. They are trying to mimic natural processes and succession by 

using edible plant species.  

For now, they mainly use the food produced for their own consumption as they do not 

harvest sufficiently to sell. In the future however they are planning to sell produce to a 

restaurant and try to establish a local market for it. ‘We want to show that a smaller land area 

can provide more if you diversify the production’ (Interview: Jonas Steinfeld, 06.05.2019, 

unpublished). 

Activities offered at Den Food Bosch include guided tours, which also generate income for 

the farmers, as well as possibilities to do research for students or anyone else who is 

interested. In the future they would like to offer more workshops and a space for inspiration 

for people. 

In the beginning they spread 150 t of wood chips over the entire food forest area to cover the 

soil. They also added some organic fertilizers on parts of the land to experiment with it. 

Moreover, they plan to intensely prune the forest in order to cycle the nutrients from the trees 

back into the soil as well as mowing the grass strips and leave the grass as mulch for the 

tree rows. Mr. Steinfeld said: ‘We believe that we can actually have a more productive 

system if we do manage more intensively‘ (Interview: Jonas Steinfeld, 06.05.2019, 

unpublished). Furthermore, they had some sheep grazing the land last year and integrated a 

chicken tractor this year which they move regularly around the food forest. For the chickens 

they do add organic chicken feed.  
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Frank Gorter - Landgoed Welna 

Frank Gorter is the co-owner of the Landgoed Welna which is 

currently a traditional forest used for timber production, which is 

located in the small town Epe. However, Mr. Gorter wants to 

expand the use of the forest by implementing a food forest of 

15 ha on it, which will be divided in 4 business cases: one for 

production, one for the use in the gastronomy, one for 

biodiversity and one for experiencing nature. The main aim of 

the food forest is to restore the ecosystem, as the life and 

nutrients in the forest nowadays are very poor, by including 

economic aspects in order to make the food forest feasible.  

[9]              However, the four different business cases have their own main 

goals with the focus more on the economic, ecological or social aspects. With the food forest 

Mr. Gorter and his foundation bosboerderij, the forest farm, want to show the potential of an 

alternative to traditional forestry. This approach is very interesting as it differs from most 

other food forest approaches as it aims to transform an existing forest into a food forest 

compared to a bare agricultural land. He said: ‘we actually have an advantage over some 

food forests which are starting from bare soil, as we can make use of the existing trees for 

shade and windbreak and everything like that’ (Interview: Frank Gorter, 07.05.2019, 

unpublished). 

Mr. Gorter originally planned to start with the food forest by the end of this year but may 

postpone that a little bit. He will start cutting down a good percentage of trees and then start 

planting some system changing species. 

The management will be different for the different business cases. Frank has not made a 

solid plan yet but expects to do a lot of pruning.  

To finance this food forest, he relies on subsidies coming from the ANBI and POP3. ANBI is 

a public benefit organization which allows the food forest to receive donations for providing 

public services (Belastingdienst, n.d.). The POP3 is a European subsidy program for the 

development, sustainability and innovation of the agricultural sector in the Netherlands 

(Rijksdienst voor Ondernemend Nederland, n.d.).  

One major issue he faced while applying for the permission from the law of nature protection 

was that the ecologists are very concerned about introducing exotic species. However, Mr. 

Gorter managed to get the permission for his food forest. In general, he questions the 

concept of exotic and native species since all species have been introduced to the 

Netherlands at some point and nature is continuously developing. 
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Chantal van Genderen - Nieuwe Erven 

Food forest Nieuwe Erven is a 

community project of the city of 

Brummen. It was initiated in strong 

collaboration with the local 

municipality as well as the help and 

ideas of enthusiastic people 

interested in the concept of food 

forest. The project was started in the 

end of 2017 on 3 ha of land which 

was previously a conventional 

agricultural area. This area was 

dedicated to become a public space 

so it was discussed how to best use 

it.  

[10]            After collaboration between the 

municipality and the ‘Foodtransition table’ they decided to try the idea of a food forest by 

working together with the local citizens. The main aim of this food forest is to connect people 

to nature, to food and to other people, which makes it a very socially oriented food forest. 

The Nieuwe Erven provides opportunities for people to work in nature by planning, planting 

and managing the space. Some volunteers give guided tours at the food forest to show 

people around and explain the whole concept. Moreover, they include the school next door 

and let the children play on the nature playground as well as include them in other activities 

like building an insect hotel. As the food forest is on a public space everyone is welcome to 

join the activities and harvest the products, so the community does not generate income with 

the food forest by selling produce or other services. By focusing on the social aspect it is 

important to keep in mind and try to work with people's acceptance of the concept and keep 

educating them in order to lure them out of their comfort zone, because most people are 

used to gardening where they water the plants and weed the plants they do not wish to 

have. Permaculture however tries to look at the whole system and to design it in a way that 

requires very little management. Therefore, for this food forest with the social aspect in the 

center it is important to find a balance between a park and a food forest to make people feel 

comfortable and accepting the differences to ‘regular gardening’. 
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Paul de Graaf and Bastiaan Roduijn - Rotterdam Forest Garden 
Netwerk 

The Rotterdam Forest Garden Netwerk (RFGN) consists of 5 people of different expertise 

who help their customers to implement food forests and other nature inclusive projects. Each 

member is involved in different projects and they frequently work together and help each 

other out. Apart from realizing new locations the RFGN also offers educational tours through 

the food forests or workshops for volunteers or other people interested in this.  

Roos Nijpels - Rich Forests 

‘Rich Forests’ is a programme within the organization 

‘Both ENDs’. They promote a sustainable and future-

proof production system. Moreover, they support the 

conservation of forest landscapes as well as the  

[11]     transformation of degraded agricultural land into 

productive forest ecosystems. With these forests in combination with agriculture, people 

provide for their livelihood and at the same time restore the soil and biodiversity. They 

believe in the protection, restoration and cultivation of forests to benefit the environment 

while producing food with economic benefits. 

Main goals of food forests 

As made clear by these brief introductions of different food forests and other organizations, 

the approaches between the food forest ideas differ greatly, especially considering the goals 

(figure 13), history of land as well as the management practices applied. This makes it very 

difficult to find a common ground when thinking about a unified monitoring design. 

 
Figure 13: Main goals according to the different stakeholders 
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Who is interested in the monitoring? 

Many of the interviewees mentioned that especially policymakers are interested in the 

monitoring results or that they should even be involved in the process of monitoring (figure 

14). The next most mentioned stakeholders are farmers like conventional farmers, who can 

be convinced of the many advantages provided by food forests as well as the feasibility of 

using food forests as an alternative food production system so that the farmers can consider 

adjusting their management practices or even switch to become food forest practitioners as 

well. Of course also the food forest practitioners themselves are highly interested in monitoring 

and in the results as are other involved parties like the ‘Green Deal Voedselbossen’ and 

research institutes. Other mentioned stakeholders are the agricultural ministry, ecologists, 

universities, students, carbon trader companies, banks, restaurants, NGO’s and citizens. All 

these parties could play major roles in the monitoring. 

 

 
Figure 14: Stakeholders interested in monitoring according to the 8 selected stakeholders interviewed 

Who carries out the monitoring? 

The interviews (unpublished, for reference, please contact i.r. Jeroen Kruit) showed that most 

monitoring at the food forests is currently conducted by volunteers, which are mostly students 

(figure 15). Some food forest practitioners also hired companies in order to take soil samples, 

but in the end, they did not quite know what to do with the results. As most practitioners do 

not have a lot of financial resources available, they depend on volunteers working for them 

and can not afford to hire companies or to buy expensive materials. Therefore, the methods 

used for monitoring are and should be simple to conduct for lay people as well as affordable 

for the practitioners in terms of materials needed. Some practitioners mentioned that they are 

willing to invest time in the monitoring themselves if the method is cheap, but others said they 

do not have the time and thus rely on volunteers to invest their time in the monitoring. 

However, monitoring all the requested indicators would require a lot of time, which is according 
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to most interviewees basically a full-time job. 

 

 
Figure 15: People monitoring the different food forests. 
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Appendix B - Indicator Tables 
Table 2: Ranked indicator list derived from feedback and information retrieved from 
interviews            

Rank Indicator Average classification 

1 SOM/SOC 3.75 ecological 

2 Yield 3.5 economic 

3 

Profit 2.75 economic 

Net cash flow 2.75 economic 

Animal diversity 2.75 ecological 

4 Insect diversity 2.5 ecological 

5 

Infiltration rate 2.375 ecological 

Amount of 
earthworms 2.375 ecological 

6 

Soil structure 2.25 ecological 

Above ground 
biomass (plant / 
tree biomass) 2.25 ecological 

Bird diversity & 
behavior 2.25 ecological 

Land input 2.25 economic 

Subsidies 2.25 economic 

7 Keystone species 2.125 ecological 
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Workforce 2.125 social 

Number of 
volunteers 2.125 social 

8 

Soil texture 2 ecological 

Bulk density 2 ecological 

Water holding 
capacity 2 ecological 

Below ground 
biomass 2 ecological 

Amount of layers 2 ecological 

Succession 
progress 2 ecological 

Amount and 
species of fruit 
trees 2 ecological 

Pollinators 2 ecological 

Time employees 
spend in forests 2 social 

Time volunteers 
spend in forests 2 social 

Functional diversity 2 general 

9 

pH 1.875 ecological 

Presence of plants 
with tap roots 1.875 ecological 

Plant species 
richness 1.875 ecological 

Ground-dwelling 
beetle species 1.875 ecological 
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Learning 
possibilities for 
employees 1.875 social 

10 

Food miles 1.75 ecological 

Red list species 1.75 ecological 

Mycorrhiza 1.75 ecological 

Insect diversity 1.75 ecological 

Amphibian diversity 
& behavior 1.75 ecological 

Planting density 1.75 ecological 

Non-food sources 
income 1.75 economic 

Number of 
employees 1.75 social 

Number of visitors 1.75 social 

Exchange of 
knowledge 1.75 social 

Mental and physical 
health 1.75 social 

Public opinion on 
food forest 
aesthetics 1.75 social 

Complexity of the 
system 1.75 general 
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Table 3: Ecological indicators selected for the core set of indicators      

  

Ecological Indicators 

Indicator Unit Description Methods Feasibility Cost 

SOM/SOC % 

Amount of (partly) 

decomposed 

animal residues 

and microbes in 

topsoil → indicator 

for capacity to 

store nutrients & 

water in soil 

laboratory or 

‘loss on ignition 

method’ intermediate 

expensive 

or 

medium 

Infiltration 

rate 

inches/ho

ur, 

resulting 

in 

infiltration 

class 

Rate of downward 

entry of water into 

the soil → indicator 

of the soil’s ability 

to allow water 

movement into and 

through the soil; 

indicates SOM 

content and soil 

texture 

 

Field infiltration 

test with ‘Ring 

infiltrometer’ easy cheap 
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Animal 

Biodiversity 

# of 

species or 

biomass 

weight 

System health 

related indicator see Table 6 see Table 6 

see Table 

6 

Soil 

Structure 

classificati

on 

Arrangement of 

primary soil 

particles into 

aggregates → 

indicator for water 

retention, gaseous 

exchanges, root 

penetration, 

susceptibility to 

erosion 

Classify 

aggregate size, 

shape and 

distinctness by 

observing and 

describing 

using a chart intermediate cheap 

Amount of 

earthworms 

#earthwor

ms/m² 

Estimation of 

earthworm 

abundance → 

indicator for soil 

fertility & structure, 

ground water level 

and soil moisture 

content, soil 

biodiversity and 

soil health 

excavation and 

mustard 

method 

easy – 

intermediate cheap 
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Above 

ground 

biomass 

(Plant / 

Tree 

Biomass) mg/ha 

carbon in above 

ground biomass → 

Indicator for above 

ground carbon 

sequestration 

Stem wood 

biomass 

method intermediate cheap 

Keystone 

species 

# of key 

species 

Presence of 

species important 

for ecosystem 

functioning observation intermediate cheap 
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Table 4: Social indicators selected for the core set of indicators       

      

Social Indicators 

Indicator Unit Description Methods Feasibility Costs 

Number of 

volunteers #volunteers 

The number of persons 

working voluntarily in a 

food forest bookkeeping challenging cheap 

Number of 
employees 

# of paid 
workers 

Amount of employees  
working in the food 
forest bookkeeping easy cheap 

 

 

Table 5: Economic indicators selected for the core set of indicators     

  

Economic Indicators 

Indicator Unit Description Methods Feasibility Costs 

Yield kg/month 

Yield of products from the 

food forest bookkeeping easy cheap 

Income € 

Total income divided in 

income from products of 

the food forest and other 

income sources bookkeeping easy cheap 

Land input 

# 

hectares 

Size of land of the food 

forest bookkeeping easy cheap 

Subsidies € 

Amount of subsidies used 

by the food forest bookkeeping easy cheap 
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Table 6: Animal Biodiversity Indicators with Methods          

  

Indicat
or 

Unit Description Method Cost Time Feasi
bility/
Easyn
ess/E
xecut
ablity 

Referenc
e 

Flying 

insect 

biomass g 

indicator of species 

abundance -> can be 

used as indicator for 

other animal 

abundance as insect 

serve as food source 

for birds, mammals, 

amphibia and reptiles 

and are important 

indicators for the 

functioning of an 

ecosystem 

Malaise 

trap 

~150€ Every 

11-12 

days 

easy https://jour

nals.plos.

org/ploson

e/article?i

d=10.137

1/journal.p

one.0185

809 

Ground-

dwelling 

Beetle 

species 

# of key 

species 

Prey on other 

arthropods serve as 

prey for small 

mammals, birds, 

reptiles, and 

amphibians; play a role 

in weed-seed 

consumption and are 

important in pest 
Pitfall-

trap 

cheap sampli

ng in 

growin

g 

season 

interm

ediate 

https://esa

journals.o

nlinelibrar

y.wiley.co

m/doi/pdf/

10.1002/e

cs2.1744 
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control → health-

related indicator → 

indicator for ecosystem 

functioning 

Bees 

# of bee 

species/ 

abundanc

e of bees 

Indicator for 

ecosystem functioning 

 

Indicator for 

biodiversity 

 

Can be used to detect 

environmental 

pollutants like heavy 

metals, pesticides and 

radioactive isotopes 

Bucket 

trap 

cheap once a 

month 

from 

the 

end of 

April to 

Septe

mber 

interm

ediate 

ACT 2010 

Butterfli

es 

# of 

butterfly 

species/ 

abundanc

e of 

butterflies 

Environmental 

Indicator: Indicator for 

pollinator abundance, 

climate, pollutants, 

other species, 

temperature, 

productivity, nutrients 

Plot and 

line-

transect 

walks 

cheap weekly 

from 

April – 

Septe

mber 

Easy-

interm

ediate 

De 

VlinderSti

chting 

Nocturn

al 

butterfli

es 

(moths) 

# moth 

species/ 

abundanc

e of 

moths 

Environmental 

Indicator: Indicator for 

pollinator abundance, 

climate, pollutants, 

other species, 

temperature, 

productivity, nutrients 

Light 

trap 

cheap 6 

nights 

in 

season 

(April - 

Septe

mber 

interm

ediate 

De 

FlinderSti

chting 
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→ less specific than 

butterflies, but more 

abundant in forests 

Bird 

diversity 

& 

behavio

r 

# of bird 

species; 

descriptio

n of 

behaviour 

System health related 

indicator 

Territory 

mapping 

cheap 10-12 

weeks 

during 

breedi

ng time 

(April – 

July) 

difficult https://ww

w.researc

hgate.net/

publicatio

n/285984

671_Appl

ying_a_ter

ritory_ma

pping_met

hod_to_ce

nsus_the_

breeding_

bird_com

munity_co

mposition

_in_a_mo

ntane_for

est_of_Tai

wan 

Mamma

l 

diversity 

# of 

mammal 

species 

/abundan

ce of 

mammals 

Indicator of biodiversity 

& ecosystem 

functioning 

observat

ion 

cheap regular

ly 

difficult - 

Rodent 

abunda

nce 

# of 

rodent 

species/ 

abundanc

Indicator for 

biodiversity & 

ecosystem functioning 

 

observat

ion 

cheap regular

ly 

difficult - 
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e of 

rodents 

Can be used to 

monitor environmental 

contamination 

Amphibi

an 

diversity 

& 

behavio

r 

# of 

amphibia

n species; 

descriptio

n of 

behaviour 

Indicator for water 

quality, system health 

& functioning 

observat

ion 

cheap regular

ly 

difficult - 

Reptile 

diversity 

& 

behavio

r 

# of 

reptile 

species; 

descriptio

n of 

behaviour 

Indicator for system 

health & functioning 

observat

ion 

cheap regular

ly 

difficult - 
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Appendix C - Sovon E-mail 

E-mail - Sovon Expert 

“Dear Antonia, 

  

I would recommend territory mapping as most suitable method for monitoring birds in food 

forests, because it gives a good estimate of absolute numbers per site. Other more relative 

methods, such as point counts, are suitable for deriving trends at larger spatial scales, but do 

not give good absolute estimates at the local scale. Furthermore, I would recommend including 

all species species, including the common ones. Food forests are generally relatively small, 

so focussing on scarce and rare species only does not give robust sample sizes, I think. 

  

This method is included in our BMP-A(ll species) program, which has been running since 1984 

in the Netherlands, see https://www.sovon.nl/nl/content/bmp-broedvogel-monitoring-project-

alle-soorten 

Of course, you need observers who are able to identify all common birds by sound and vision 

(but this is not different for other counting methods). The method can best be learned by 

following a course or join up with experienced observers. 

  

Recruiting, education and coordinating volunteers is contract work for us. Our organising 

efforts are focused on well-defined monitoring targets, which are set and prioritized by our 

financers, such as Natura 2000 sites and AES-areas. But of course, it might be that some food 

forests are already being monitored, you can have a view on all BMP-sites that are of were 

counted at http://portal.sovon.nl/portal/vacant/map/6 

Of course, we will help and advise volunteers who are willing to start counting in new 

monitoring plots, including those in food forests.” 

 


