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Preface

In front of you lays the product of 8 weeks of hard work. We started the project with 6
individuals from all over the worldnd ended with a real team that can not only deliver an
academic report but can also have a good time with each other. We learned a lot during this
project about orchards and especially the biodiversity in them. Especially thBubcm
speaking team merebs have a way better view of this traditional element in Dutch cultural
heritage.

We want to thank the commissioner Rob le Rutte for his trust in us a team and for his time to
help us in the process. Furthermore, we would like to thank our coach Jinaaafot.all his

help guiding the team process. We got a lot of useful tips and although the meetings took a bit
longer than planned, they were always joyful. In addition to that we would like to thank our
academic advisor Hens Runhaar for his feedbackaelmwith content questions. Last but not
least we would like to thank the experts that we have interviewed and the owners of the orchards
that have filled in the survey.

We hope this report and toolkit will be useful and is the start of a biodiversitjtanog
program in orchards. The biodiversity in orchards can be really something special and we care
deeply about it and we hope this project is a small attribution to protect it.



Executive Summary

Many flora and fauna species inhabit traditional fruit orchards. Owners of this traditional
landscapes often fail to realize the benefits obtained from biodiversity, and practice inadequate
management activities on their land that deteriorate habitattyjuaiid ultimately reduces

bi odiversity | evels. To eliminate this | ack
Appl e: Ecol ogi cal Consultancy Bureauo, to gt
management practices, and monitor the levelsadiversity within traditional fruit orchards.

The present document compiles the scientific background for the construction of the toolkit, as
we l | as it describes the systematic process

Important scientifiditerature was boarded to define concepts like biodiversity, habitat quality,
landscape management practices, and ecosystem services. The relation between these elements
iIs boarded on the basis that human seelng needs a balance between human develdpmen

and the environment. To reach this balance by a correct management of traditional fruit
orchards, biodiversity monitoring methods are analysed as a tool that helps to achieve this goal.

Biodiversity monitoring methods are studied focusing on four subesent in traditional

fruit orchards, which are: plants, insects, mammals, and birds. The variety of methods studied
were combined with the advice of experts in the field, through-seottured interviews, to
produce a useful monitoring system forditeonal fruit orchards.

Good management practices are recommended in the final product. They were studied from
several written sources and complemented with knowledge on the current state of management
practices in traditional fruit orchards. This infortioa was provided by landowners through
elaborated questionnaires.

The conclusion states the importance of good management practices in traditional fruit orchards
to maintainand improvebiodiversity, and therefore the importance of biodiversity monitoring
methodgo measure the correct implementation of these practices and their effects in the future.
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1. Introduction

In traditional orchards, fruit trees are planted with large distance among them and managed in
a less intensive way, without applying any fertilizer and chemical. In general, higher habitat
heterogeneity is common traditional orchards. Due to this the traditional orchard works as a
refuge for numerous fruit species (Horak et al., 2013). Herbaceous plants are also grown
surrounding the orchard trees and they are managed by mowing or grazing. Traditional orchards
arecomposed of trees with different ages, providing a diverse age structure. This is the result
of planting a new tree when an old one dies. A traditional orchard does not only Bugply

but also supplies food and shelter for a wide range of insects, arthropods, birds, and mammal
species. Different species of animals benefit through feeding, nesting, and roosting in traditional
orchards. Moreover, different fruit species bloom on theerfit times that also ensures
continuous nectar for honey bees and butterflies. In addition to biodiversity importance, a
traditional orchard also has landscape and cultural significance (van Blitterswijk and Baeten,
2006).

Biodiversity refers to the diuesity in living organisms in an area (Altieri, 1999). Biodiversity

is known to be an important determinant of ecosystem stability and productivity (Tilman et al.,
2014). Why is it so important to conserve biodiversity? It has been well proved that sibgiver
increases the stability of ecosystem services in the changing environment (Loreau and
Mazancourt, 2013). Humans depend to a large extent directly on biodiversity and ecosystem
services (Diaz et al., 2006). Ecosystem services are the direct andticdimédbutions of
ecosystems to human w4léing(de Groot et al., 20I0TEEB DO, Ch 1) Different species can
contribute to the protection of soil and water properties, recycle and store nutrients relieving
from pollution and ultimately contribute to nak suitable and stable climate. The higher level

of biodiversity also helps to maintain ecosystems resilience and assist them to recover from
environmental stress like droughts, floods, and deforestation. These are of course general
benefits of biodiversy and not specific to traditional orchards. But stable ecosystems, like an
orchard, can act as refuges and keep biodiversity levels stable in an area (Simberloff and Abele,
1982). Apart from biodiversity role, traditional orchards also play an importdiural role

such as aesthetic, educational and recreational roles.

Loss of biodiversity can lead to the decline of valuable resources which are important for
ecosystem resilience (Dunne et al., 2002). Since orchards are usually refuges for many species
it is important that these areas are resilient to changes. Therefore, loss of biodiversity is like
losing ecosystem productivity, which is important for maintaining the flow of goods and
services (Diaz et al., 2006). The loss of traditional orchards, thrthe intensification of
agriculture or abandonment of traditional farming practices, has led to a decline of biodiversity
at the European Union level (Benton et al., 2003). During the last decade, traditional agricultural
landscapes received special dfitgm in France, Spain, and Germany due to their role in
biodiversity conservation at the international level (Mihaela et al., 2016). Recently, the
maintenance of traditional orchards in Romania has been proved to be important in supporting
biodiversity cosservation (Loos et al., 2014). Mihaela et al., (2016) added that maintaining
traditional orchards can become an important measure towards developing adaptive strategies
under climate change at the global level.



Biodiversity monitoring is the measure of cerding the species richness and abundance of the
different species to determine whether current activities are benefiting the biodiversity over
time (Mackinnon, 1998). There are a lot of monitoring methods nowadays. But they all work
with different systera that are often incompatible (Pereira and Cooper, 2006). For instance,
when referring to birds there is a global Breeding Bird Survey system, counting bird species
and abundances worldwide. For other taxa, a system like thisniexistentand indicator
species have to be used (Pereira and Cooper, 2006). The monitoring system has two things to
take into consideratioifirstly, the system has to run continuously and for a long period of time.
Secondly, the system needs to produce precise monitoring dataalysis (Schmeller et al.,
2009). These two requirements lead to fhet that monitoring programs need a lot of
manpower to be carried out effectively, which makes a monitoring system very expensive
(Cornelis & Hermy, 2004; Tulloch et al., 2013). Onktbe solutions is to incorporate
volunteers, which can reduce the costs greatly (Cohn, 2008; Cooper et al., 2007; Silvertown,
2009; Theobald et al., 2015; Tulloch et al.,, 2013). Involving volunteers to conduct data
collection for scientific research is é&wwn asCitizen ScienceA projectinvolving Citizen
Scienceshould consider certain principles (ECSA, 2015). These principles ensure the validity
of a Citizen Scienceroject. The principlesalsoensurethat the volunteers receive credits for
their work, edback on their collection and the results of the research.

Management practicesn traditional orchards are different from normal commercial orchards
because they focus more in biodiversity rather than fruit harvest. This report introduces a variety
of management measures that can improve a high biodiversity status and habitat quality from
different aspects. Many measures focus on improving the abiotic circumstances in order to
allow for a higher species count; usually by improving habitat heterogeBaitydn et al.,

2003). Pruning, as well as the large distance between trees, are the two most common measures
used in managing a traditional orchard. The increasing canopy openness can let more light reach
the understory which creates a suitable conditmnrafspeciesich grassland and the insects

living in. Meanwhile, as a result of pruning, treavities can be used for many insects even
small mammals living on trees. Additionally, after cutting, dead branches can be left and used
by insects (Bock et al2013). Other measures work directly for biotic factors. Grazing is also

a very popular and useful way in the management of traditional orchards. By planned grazing,
species richness and abundance of grassland and shrubs can be improved which cafitlso ben
butterflies (Poyry et al., 2005).

When writing this report we tried to answer
in traditional orchards?6 and O6What managem
guality?d. This report fir st litipnal @nchardsyirsteed t h e
Netherlands. Multiple methods were used with a combination of literature review, a
guestionnaire on management practices and interviews with experts. Based on the conclusion

of this report, a toolkit was produced as a manual insorucThis toolkit consists of stelpy-

step instructions on monitoring methods, and management advices on how to improve the
habitat quality of the orchard. The toolkit supports adaptive management, it is recommended to
measure.



2. Methodology

2.1 Literature r@iew and Interviews

The literature review was broken up into two parts: (1) monitoring, and (2) management. For
the monitoring review, the monitoring subj ec
birds, insects, and plants. The commissioner asked focus on these as they are the most
important groups in the orchard in terms of influence on biodiversity. In this review, we
researched the different options for biodiversity monitoring for these subjects. This has resulted

in a large list of differenmonitoring methods. For management, literature review was done to

raise common practices on how to create, restore, enhance, manage or protect traditional fruit
orchardds habitats.

Webve al so conducted intervi ewSheseexpditsveereper t s
chosen in such a way that all subjects were represented. We have interviewed some experts in
di fferent areas i ncluding pl an-basednmarmimalor i ng
monitoring and insects r essedaaserhstructUfed setpt h e s e
Beforehand we constructed a list of questions and subjects we wanted to have discussed with
the expert. During the interview, we would check whether all the subjects were covered. But

no rigid course of the interview was nead’ he conversation was allowed to flow naturally to

allow new ideas to enter the conversation.

By combining the findings from the literature study with the findings from the interviews we
constructed some preliminary advice for the toolkit.

2.2  Survey amon@wners

The survey we constructed was to map the current management practices among owners of the
traditional fruit orchards in the Netherlands. We wanted to get an overview of the management
practices to see what the owners in reality practice in thelraoic This also gave us the
possibility to identify possible improvements. We acquired contacts of the owners from Rob le
Rutte and Otto Vloedgraven. These owners were sent the questionnaire and given a week to fill
it in. In total, we sent the questionrato 11 owners, of which 9 replied.

The questionnaire we made was based on a similar questionnaire developed in France (Chaillet,
2011). Also, common management practices were taken from (van Blitterswijk and Baeten,
2006). Combining these two sources mvade a questionnaire that was suitable for the Dutch
traditional fruit orchards.



3. The link between management and Ecosystem Services

Ecosystem

m— : Services
Biodiversity

Habitat
Quality

Management

Figure 1, model of how management ultimately benefits ecosystem services. Management increases habitat
quality, whichbenefits biodiversity, which stabilises the ecosystem services.

Since human society depends on ecosystem services for a large part of theingglit is
important to safeguard these services (Loreau and Mazancourt, 2013; Diaz et al., 2006). To
maintan these services it is important to keep biodiversity high, as it increases their stability
(Loreau and Mazancourt, 2013). To keep biodiversity at a sufficiently high level, a good habitat
quality is needed (Tews et al., 2004), for which the right managereeds to be applied
(Tscharntke et al., 2005). Therefore, to study the relation between management activities and
ecosystem services, we propose the phase model that can be seen in figure

Low-intensity agricultural practices increase the habitatityuaf agricultural fields. most

nature reserves in Europe are not pristine, and higlhaped management is needed to retain

this diversity (Tscharntke et al., 2005). Since orchards are also kslraped areas these
conclusions can be used for our casee Tneatest threats of agricultural landscapes are
intensification on the one hand, and on the other hand succession to pristine conditions
(Tscharntke et al., 2005). Management should be focussed on stopping the succession, but
should not done in intensiwveays.

By stopping the succession to forest or other pristine conditions the habitat quality of these
systems is retained. In most cases habitat quality can be identified as the heterogeneity of the
system. It has been shown that having a heterogeneoiiatiabds to a high biodiversity
(Johnson, 2007; MacArthur & MacArthur, 1961; Murdoch et al., 1972). This phenomenon is
called the Habitat heterogeneity hypothesis (Tews et al., 2004) and has been used as early as
the 19606s. T h e r s thatsare stiuctwlallyrdivegse, schdédferenthstaubtural a
elements in the environment, support more species.

But what is the use of having a high biodiversity? As we stated before ecosystem services
provide a lot of benefits to human society (De Groo&let2010). Through the ecosystem
functions human society benefits from the services these functions deliver, see figure 2 for a
visualisation of this process. Having an ecosystem with a high biodiversity can provide a stable
flow of these services (Diaz al., 2006)
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human society (De Groot et al., 2010)
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Figure 3, a model of how biodiversity
and the sum of ecosystem services (E¢
are linked (De Groagt al, 2010)

Since human activitieassually deplete biodiversity the key is to find a balance between using a
service and maintaining biodiversity (Tews et al., 2004). For this the model of total ecosystem
services and biodiversity can be used (Figure 3). As can be seen from figure 3gapplyin
extensive form of management leads to a very high sum of ecosystem services. This is because
there is a good mix of Provisioning (P), Regulating (R), Cultural recreation (Cr), and Cultural
information (Ci). Therefore, extensively managed orchardpare to be very valuable in the

scheme of ecosystem services.



4. Review of possible monitoring systems

The analysis of the existing body of knowledge will provide an overview of different
monitoring methods for biodiversity. A monitoring system will fm@posed combining the
existing information with the result of unstructured interviews to monitoring experts of different
organizations.

A literature review was carried out focusing on four monitoring subjects present in the
traditional orchards, which arplants, insects, small mammals, and birds.

4.1  Orchard Species List

Because it is often hard to monitor every species in the orchard we have made a list of species
that are found in orchards. This list will help to identify the species in the orchard enedt®

focus when searching. Orchard species were searched with the focus only on the Netherlands.
Generally, a red list of species in the Netherlands was used. This species is endangered and
need extra protection. In some cases, the government will $upjsoprotection with money.

Al s o, some organizationsd website was wused,
selection was made based on the special habitat in traditional orchards. Finally, 3 amphibians
species that may occur in a standard trebard were selected from the website of the Ministry

of Economic Affairs (Ministry of Economic Affairs, 2015) and website of RAVON (RAVON,

2015). 18 mammal species were selected based on the habitat requirements from the website of
Ade Zoogdi dg4oegeierveraniging, 20879 36 bird species were selected from the
website of fAde Vogel beschermingo (Vogel besch
and fAiBosvogel 0 was made based on birds occu
selection wasnade based on the bird species in standard tree orchards (Vlindernet, 2017).
Though the list of Amphibians is included, we did not describe the monitoring system and
management practices for this group as it is not the interest of our commissionen@tntet.

Insect species are very abundant in traditional orchards in the Netherlands. Totally 124 species
were selected based on the various red list for the Netherlands and habitat requirement. List of
insects includes bee species, butterflies, mayflegldisflies, dragonflies, crickets and
stoneflies (Ministry of Economic Affairs, 2015). For plants, indicator species were compiled
using herbaceous indicator species from two plant communities related to forested areas and
three grassland associationsameas with rich soils. This is because the standard orchards are
usually located on these soils and provide a forest habitat with a vergeveloped grass

cover for the indicator species. However, grass species were removed from the grassland plant
communities since they are too difficult to 1ic¢
compared to flowering plants. The communities used were Rrarmetum (Vogelkers

Essenbos) and Fraxindmetum (Essethepenbos) (Weeda et al., 2015b). The dJeasb
associations used were Scirpetum sylvatici (Boshgs®ciatie), Arrhenatherum eliatoris
(Glanshavewmssociatie), and Loli€ynosuretum (Kamgraassociatie) (Weeda et al., 2015a).

A list of potential indicator species was made as the result showihg Appendix 1.

4.2  Insect monitoring

4.2.1 Literature review
Most of the insect species in the traditional orchard are herbivorous insects, some are omnivores
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and predators such as ants, wasps, hoverflies, spiders, and ladybirds (Discover your orchard
wildlife - People's Trust for Endangered Species, 2017). Monitoring approaches are various
depending on different insect species as they have different habitat preference and are active in

a different period. According to this, we divided monitoring approaches inge ttypes:

monitoring insects in grassland, monitoring insects on trees and monitoring insects in the air.

A |literature review was done based on the we
some general knowledge on observing insects and dwigrgpers. It needs to be noticed that

all kinds of monitoring approaches should respect the rule that people need to try to reduce the
harm for insects bring by monitoring. After identifying species and counting number, insects
should be released to negu

A specific case of insect monitoring is called Squaetreproject devised by an ecologist
Patrick Roper (The Square Metre, 2006). A patch in the orchard needs to be set up. Then, have
a look in this patch to check what kind of insects can be foumeh,Tecord all the species and
number found in this patch. Normally, the size of this patch isnoetee square but can be
adjusted based on the purpose and environment in orchards.

There are three general approaches can be used for all insects whiotedrsurvey walks,

manual searching, and visual observation. Timed survey walking is useful for day butterflies,
burnet moths, and floweiisiting beetles. Each survey lasted around 10 minutes with different
route or direction (Horak, 2014b). Manual s#wing is very easy to operate as monitoring is
done without any device but only eyes and hands. However, it requires a high ability in
identifying species. There are some locations that where is more likely to find insects which are
under the loose barkalfen decaying wood, fallen fruit, on the ground below the grass layer
and the lidded containers on flowers (Discover your orchard wildliR=ople's Trust for
Endangered Species, 2017). Visual observation is more suitable for insects on trees, especially
for rosy apple aphid. First, sampling a number of trees and clusters on each tree. Then, check
the absence or presence on the cluster (D'Yvoireet al., 2016).

Sweeping is a very useful and eaperated approach as only a stick and canvas needed. This
appoach is suitable for insects in grassland and air. Sweeping the net over long grass or through
the air to catch insects. Then, transfer insects into a lidded container to recognize species and
count for abundant (Discover your orchard wildlif@eople's Tust for Endangered Species,
2017).

Beating is used for insects on trees, especially for insects in the crown. The key to this approach
is that sampling similar branches from sampled trees. It would be more accurate to choose the
similar branches with sansé&ze and state. In one report, beating approach was used with a white
sheet (45 X 45 cm) under the sampled branches. Then, shake the branches or hit with a stick in
a similar strength. Insects living on trees will fall down into the white sheet. Chesgebies

and the amount to calculate the abundant (D'Ywetira., 2016). Bfore doing this operation,

i $réconmended t o c h esalirdwdstantthedae. t her e 0

Pitfall trapping is used for insects that are active on the ground. A beaker or bottle is everything
that is needed. Bury the beakers or bottles in the ground and keep the rim equal to ground level
to make sure insects can fall into the trap. For the mbtemooth glass or plastic is the best

7



choice as insects cannot escape after being trapping (Discover your orchard wHdbfge's
Trust for Endangered Species, 2017).

Window traps, flight interception, are used for air beetles and Hymenopteraekiseand
wasps. A window trap is constituted by three transparent panels with protective top cover
(Horak et al., 2013).

Light trapping and sugaring method can be used for moths and butterflies that are active during
the night. Putting a bright light durinige night and using a white sheet covering it. Moths will

be attracted near the light. Then, take a photo of them for identifying species and abundant
(Discover your orchard wildlife People's Trust for Endangered Species, 2017).

Sampling points for ing#s monitoring are also based on the habit of insects. Basically, insects
monitoring is carried during April till October (Bailey et al., 2010). Eayive insects prefer

sunny condition and avoidance of closed forests. Beetles and bees prefer flowgeitadime

(Horak, 2014b). For insects habiting on trees, trees are selected with the similar state in height,
shape, and species but different distribution in orchards. After that, branches are also selected
according to similar state (Bailey et al., 2010).

4.2.2 Interview on insect monitoring

To get more insight in the world of insect m
at WUR for the Laboratory of Entomology. The first thing that was mentioned was the fact that

the insect group is incredibly dikge. Where the group of plants, mammals, and birds has 150
species at most the group of insects has that number in families. This poses us with the difficulty
that the owners will not have the expertise, time, and motivation to do an inventory of insect
biodiversity. There is thus a first important question for this part of the monitoring system.
Should we restrict the scope of the system? Or should we safeguard the scientific value of the
system and maybe use experts for this part of the system? Ouepcefgoes out to the second

option. The farmers can then still set up the traps and with photographs send data to the
collectives. There an expert should be appointed to identify the different species. It is less
efficient than having the farmers identiig the species, but having it done by the farmers is

not realistic and this way the scientific value is ensured. It might be beneficial to have contact
with organizations I|like the &é6VIinderstichti.
identify spees. Otherwise, an expert has to be hired.

Then for the trapping itself. Since the group of insects is incredibly diverse, one sampling
method is not going to cut it. A combination of methods is necessary. Using both pitfall and
glue traps results in bothe ground dwelling and flying insects to be sampled. A choice should

be made on the frequency of measuring. Since these are lethal measuring methods the intensity
of measuring shouldndédt be too high. Thbfe opt.i
traps. Or measuring with a lower density, but three or four times in a row. Probably once is the
better option since it restricts the amount of work that has to be done by the owner. Using this
method forces us to have a clear protocol on when to esétaps. It is most useful to set the

traps on a cloudy day or a day when the weather is changeable. These are the moments when
the flying insects are most active. The traps then have to sit for at least 24 hours. It is critical
that the traps are out fire same amount of time to allow for comparison between the different
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sites.

Since a number of different species are so large, it may be useful to construct a list of keystone
species. We already have the list of species for this purpose, but nonethelagde useful

to run the monitoring system for a few years before starting the management advices. This way
there is some kind of a baseline and keystone species can be identified for the different sites.
This also allows for a calibration moment to stvact a correction factor that accounts for the

di fferent catch probabilities that youdbdre wo

Luckily, insects are not the most difficult to manage. If the orchard has a high heterogeneity in
the landscapéhe insect biodiversity will also be high. So, having a hedgerow, some structural
elements like stone/wood piles, flower strips, bare soil, etc. is a perfget feca high insect
diversity (Latham & Knowles 2008Furthermorerefraining from chemical use is also very
beneficial.

4.2.3 Conclusions

The main conclusion we came to for monitoring the insemtgwas that it is not feasible to

have it done by the owners because it takes too much time, effort, and expertise. Therefore, we
propose to have the owners set up traps, collect the insects, and send photographs to the
collectives or other organizatomsh ey 6r e associated with for fu
not result in identification to species level since it takes a very detailed look. Sometimes at the
level of looking at reproductive organs to determine the species. But family or order will be
doable. We chose for this because if the owners had to do the identification the monitoring
would be so restricted that all scientific value would be lost.

The sampling will be done by using pitfall and glue traps. The pitfall traps will account for the
ground beetles while the glue traps will sample the flying insects. This way a representative
sample will be taken. Using a set protocol will allow for comparison between the different sites.

4.3  Plant monitoring

4.3.1 Literature review

Traditional orchards are a combination of trees with large crowns and grassland rich in plant
species. More concentration was put on the herbaceous species and some hedge species as these
have the most specieieh vegetation constitution.

The main goalwhen applying monitoring approaches to these vegetation species, is to measure
the change in the species diversity as part of the whole ecosystem (Brakenhielm & Liu, 1995).
Even when technology nowadays has brought us the capacity to use remote sdnsohggec

to develop monitoring process of vegetation, field methods continue to be widely used for local
monitoring (GodineAlvarez et al., 2009). Traditional orchards are permanent plots where the
destruction of vegetation for a monitoring process witl m® suitable. Instead, it is proposed

to develop nordestructive methods to estimate the abundance of a species in an area.

Several groundbased monitoring methods were studied from the literature. A comparison
between three common vegetatimonitoring nethods: subplot frequency analysis (SF), point
frequency (PF), and visual estimation of percentage cover (VE) was conducted by Brakenhielm



& Liu (1995) in terms of accuracy, precision, and sensitivity. An image analysis technique was
carried out with the se of photographs to assess this comparison. Results show that VE and PF
are correlated and convertible methods and that VE is the most accurate, precise, and sensitive
of the methods in general terms.

Carlsson et al., (2005) conducted later a comparistwden two of the mentioned vegetation
monitoring methods: subplot frequency analysis (SF) and visual estimation of percentage cover
(VE). A redundancy analysis was conducted to compare the methods instead of a photographic
study because photographs wesasidered to hide the smallest individuals of the study. From
this study, it was concluded that SF is a method suitable when the identification of small
changes in biodiversity has a priority, and VE was more appropriate fortarenmapping of

a large gea (Carlsson et al., 2005).

Both, subplot frequency analysis (SF) and visual estimation of percentage cover (VE), are
analyzed as grounddased vegetatiemonitoring methods that can be used in traditional fruit
orchards, because they are easy to applg focal vegetation monitoring process, and they can

of fer the | andowners with precise data to me
description would be found in the toolkit and it will be based on Goldsmith and Harrison (1976).

Additionally, remote sensing technology can be incorporated to vegetabaitoring with the

use of the Normalized Difference Vegetation Index (NDVI). The NDVI is a vegetation index
that can measure the variations in vegetation health and density (Kinyanjui, 201idé&he
values range froml to 1, where positive values represent vegetated zones, higher values
indicate healthier and denser vegetation and lower values indicate less vegetation. Minus one
(-1) means there is no vegetation cover at all (Yengoh et 4b)20

The Secretariat of State of the Netherlands had invested over 1.4 million euros to provide
farmers with free online satellite information for precision farming (Van Dam investeert 1,4
miljoen in satellite data voor precisielandbouw _ Nieuwsberichtijks®erheid, 2017).

Among this data, farmers can get access to the NDVI of their land for free through pages like
WwWw. groenmonitor. nl and www. akkerweb.nl , whi
monitor the vegetation in their lands.

4.3.2 Interview on planmonitoring

We've contacted Baudewijn Odgince FLORON has a lot of experience in usi@tizen
Scienceprojects for monitoring vegetation throughout the Netherlands. FLORON organizes a
lot of projects where volunteers go out in the field and collectatafesence and abundance

of plant species. This data is mostly collected by filling in the data in an app called NOVA. This
way the data also automatically is transferred to the NDFF database where it is combined with
data from other projects. Each prdjgets its own unique tag so data can be recovered very
easily. The NDFF database also automatically checks the data for possible mistakes. If a
mistake could have been made, or the reported species is very rare, a message is sent to the
person that provied the data to ask for photo evidence of the individual. Then experts can
evaluate the sighting. Another feature of this app to set geographic coordinates of the sighting.
This can ease the future monitoring. This way one can just go back to the prégyiing s

place and check whether the plant is still around. It also simplifies a possible transfer between
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monitorer. Just exchange the geodata and the new monitorer can easily find back the rarer
species.

Since the orchards are very small, mostly not eévéa, the person doing the monitoring can

just walk through the orchard and note down the different species. It is very important in this
technique to clearly state the borders of the orchard. The upside to this technique is that it is
very easy to do anwvith some basic training anyone can recognize species quite easily.
FLORON organizes regular excursions so motivated orchard owners can go to one of these to
expand or refresh their knowledge. Another option is to invite volunteers of FLORON to the
orchara. Since these areas are not always open to the public there may be a lot of interest to
organize something here. Especially since these orchards may harbour certain species that are
not really found outside of the orchard since the surrounding areasavapéen converted to
intensive farmland. This also gives the farmers the opportunity to learn. Especially because
some of these volunteers are trained better than the FLORON experts.

The monitoring should occur between half May and the end of Junes Ipethod most of the

plant's flower which makes the identification a lot easier. By walking through the orchard you

can just focus on the flowering plant. When using plots or quadrants there will always be
vegetative plants. These are a lot harder to idény . For this same reasor
necessary to identify the grass species. These species are very hard to identify for a layman.
Grass species also donét yield a very signitf
species, buit is no disaster if there are only a few. It is more effective to focus on flowering
species since they provide a source of food for the pollinators when the fruit trees have
blossomed. So diversity in flowering plants has a higher ecological valu¢ghthdiversity in

grasses. But if a farmer can identify the different grass species he/she is of course always free

to do so.

Species presence can be filled in somewhere. An owner can be guided by a list of most common
or certain importance species, ortjlest to his own devices and identify the plants himself.
Another option is to construct such a list during the project and include the most occurring ones.
in addition to this abundance should be noted. This can be done by using ebBrayuret

scale, Bnsley scale, or an abundance scale constructed by FLORON (Sparrius et al., 2016).
These respectively use cover, relative abundance, and a number of individuals.

Since June is also generally the mowing season this should be taken into account when thinking
about monitoring. It may seem obvious to do the monitoring before the mowing activities. This

is because after mowing all flowers and leaves have been removed which complicates the
identification. The | ast t hi awtoédddoneannyallyant m
Things dondt change that f aZ®yearsasrsufficienntotaakn er al
changes.

4.3.3 Conclusions

For plants, the most feasible method of monitoring is to use a visual estimation. for this method,
the owner hat walk through the orchard and note down what plant species he/she sees. Since
the orchards are mostly quite small this should be very doable and could even be carried out
during normal management work. The measuring should be done during the end of May
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June. This is the period when most plants are blooming, which makes the identification of the
plant species a lot easier. Make sure that the monitoring is done before any mowing has been
done. After mowing all the flowers have gone and identificatiovery difficult. Using the
FLORON abundance scale (Sparrius et al., 2016) we can estimate the number of individuals
per species. Or using cover percentages the relative abundance per plant may be estimated. This
can only be done under the assumption tmaplants have roughly the same size.

4.4  Birds monitoring

4.4.1 Literature review
Birds communities are very appropriate to be used as a keystone species and indicators when
monitoring changes in the environment (Kajtoch, 2017).

Normally, breeding birds survey e®unted during the early April and late May to include all
breeders. Kajtoch (2017) used a standard point count technique. This technique is suitable for
the traditional orchards in the Netherlands as their size is usually very small. By using the
Kajtoch (2017) approach, a point in the centre of orchards is established. Survey is done in the
40m radius point count. Only birds in the wooded area are counted and birds flying above are
not. Visiting birds should also be excluded. Bird species whichlaeyeterritories and active
during the night are not counted. But woodpeckers were included despite their home range
because this species is very important for woodland (Kajtoch, 2017). Survey should be done
in the good weather condition only, withoutrrar wind, half an hour to three hours after
sunrise. Single males and individuals who are mating or breeding were more concerned during
the survey.

Another approach for birds monitoring is called Distance Sampling methods. It requires
recording the distace between survey line and each bird. This method can tell the density of
birds present per hectare. A pair of binoculars and aiténatification book are needed for
observing. Also, the distance between birds and observers need to be estimatedrded reco
(ARGOS, 2006). Meanwhile, another survey technique callednfiveite can be combined
with this method, which is just simply counted all birds that are seen or heard ovemérfiite

period (ARGOS, 2006).

4.4.2 Interview on bird monitoring

To enlarge our knowledge on bird monitoring we met with Jan Schoppers from SOVON.
SOVON is a Dutch institute researching and monitoring bird populations in the Netherlands.
They use a lot of Citizen Science projects to gather their data. They are alp iheaived

in the construction of tuintelling.nl. This is a website where different institutes cooperate to
make a large database of wildlife monitoring. The idea is that people fill in sightings they did
in their backyards. The database is not linkethéoNDFF, but in the future, this may happen.

As already said SOVON works a lot with Citizen Science projects and use a lot of volunteers

to gather their data. They rely on the masses of data their projects produce to limit the effect of
unskilled peo®. Since there are thousands of entries a single mistake is averaged out over the
entire database and doesndédt have a | arge eff
the data like the NDFF does. But to limit the number of mistakes coursesgarezed by
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SOVON. During these, you get taught on bird recognition. There are also online courses on
bird appearances and sounds. These are for free if you register at their site as an observer.

The observers can register their garden at tuintellingntdhar ds can al so be r e
gardensao, and i mmediately start filling in t
registered. Thereb6s already | ist made with t
ease the identificatopr oc e s s . I f an owner stild/l doesnot

picture on the social section of the website (like on Facebook) and ask for help with the
identification. This way the network between owners can help the monitoring system and can
start the discussion on management among owners.

In the talk with Jan Schoppers two methods of observation came forward as suitable for the
project. Both are visual observations. The first is to apply weekly measurements. This method
means that an ownegcords all the birds he/she sees in an entire week. This can be done every
week but is not necessary. This method is really strong in mapping biodiversity. It produces a
lot of data but is not really standardized since not all owners are in their ofohaqual

amounts of time. This means that the data cannot be compared. If the goal is to compare between
the orchards a point count is better. This method entails that the owner will be present in their
orchard for a set time, for example, 30 minuted, r@ote down all birds they see. This produces

less data, but the data can be compared. Probably a mix between monthly measures and point
measures is the way to go.

We also shortly discussed management measures that are favourable to bird populations. The
most obvious was the placement of nest boxes. Not only does this increase the number of
nesting sites. Birds also seem to prefer these boxes over natural tree cavities. Furthermore, the
use of chemicals should be avoided. The presence of hedges is vdigidle®maller birds

can hide in it and others can search for food. Water bodies attract birds through increased insect
availability, but also for bathing and drinking. If the grass cover is mowed it is advised to apply
phased mowing. This way there isnéx of growing grass and mature grass with seeds. This
supports a diverse insect life and provides food through seeds for the birds.

4.4.3 Conclusions

For birds, a combination of point count and week count can be used. The data of the point count
can be includeth the week count. So by carrying out a point count an owner can also collect
data for the week count. The point counts allow the owners and collectives to compare between
orchards. it is also a really easy form of monitoring. The week counts can generatdata

about the biodiversity, but this data cannot be compared between the orchards, because of the
different people invest in week counting. Both these monitoring systems can be entered very
easily in the tuintelling website. We propose to work togetvith tuintelling and SOVON for

this part of the monitoring. Tuintelling has a really handy portal to fill in the monitoring data
and can assist in monitoring and identification. The cooperation with SOVON will especially
be on education. Orchard ownemay be interested in the courses that SOVON offers, both the

in the field and online courses can be really handy in developing the monitoring system.

This system can also be applied in the monitoring of bats. Then it is necessary to carry out the
measurerants in the evening when the bats are active.
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4.5  Mammal monitoring

4.5.1 Literature review

For observing mammalian species there are different techniques. Different techniques have
different species or groups of mammals which they are most suitable to. In tluflparature
overview, a variety of measuring methods will be illustrated.

Toms et al., (1999%nalysedhe possibilities to set up a mammal monitoring program in the

UK. For this, they listed the pros and cons of different monitoring systems. Theyipanmii

3 main systems that may be applicable to our subject: Sign transects, Mammals on nature
reserves, and Garden mammal watch. The sign transects method consists of walking along a set
transect and observing mammals and their traces. Benefit of hgngystem is that animals

which are difficult to be spotted may be monitored through their traces. It also directly monitors
abundance. For traces, there should be a known relation between the signs and traces, but this
is still quite straightforward (Tomet al., 1999). Downsides of this system are that basic
identification skills are needed. So, some form of education programs may be needed before
the system can be started. Furthermore, the field signs may be difficult to separate to species
and the sysgfm may be stuck at general identification because of subjectivity. In addition, the
searching methods may different species and it may be difficult to combine these when running
the transects (Toms et al., 1999). A possibility to ease the trace findoguisthe transects in

winter (Newman et al., 2003). Traces are more visible in this period (Flowerdew et al., 2004).
However, some species are hibernating and applying this technique might result in missing
these animals.

Mammals on nature reserves metmat the wardens of nature reserves report animal
observations. If we regard the orchards as nature reserves this system can be copied almost
exactly. However, the downside is that the owners are not in their orchard as much as the
wardens in their natureserve.

The last system is the Garden mammal watch. This is a classic exantpteeh Science.
Homeowners are asked to report all the species they see in their backyard. Pros of this system
are that since gardens are everywhere it covers a signifi@htof the habitat. It also
encourages scientific participation of the public. A downside of the system is that it focusses
on a very specific habitat. But since wedre
tree orchard, this downside maydre upside for orchard mammal monitoring. Combined with

the Mammals on nature reserve system, this may be a very promising system.

For the actual observation techniques, different methods focus on a different species or group

of species For example, liveptaring is focused on small mammals (Newman et al., 2003).

This technique can only be applied if the volunteers have had some education on how to set
traps and handle the ani mal s. Most volunteer
capable of stting traps on their own (Flowerdew et al., 2004). Another technique is to apply
camera traps in the area. With a capte®apture analysis done on the footage it can also
directly estimate densities without disturbing the animals (Sanderson and 2009, These
technigues provide a very direct evidence of population numbers through esgctapaire
technigues. But some animals are too large to capture or too dangerous to let it be done by
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volunteers. So, for these animals different techniques aessary. One of these techniques is

the counting on animal droppings (Flowerdew et al., 2004). In this paper, the technique was
described as counting all animal droppings in a 10mx10m quadrant. This technique can give an
indirect indication of the densitiput it might be difficult to identify the species. For this often

an expert is required. Especially if the focus of a research is on-spalties monitoring
(Flowerdew et al., 2004).

Some last findings are from Harris and Yalden (2004). They reasoriedhéia a habitat type

could be linked to the abundance of a certain species, this habitat type could be used as an
indicator of the species abundance. However, this is very sketchy, they provided the example
of linking dormouse to hazel trees. People vabie to link dormouse abundance to hazel tree
occurrence. This led to the assumption that in areas where hazel trees were not present,
dormouse should also be absent. However, this was not necessarily the case (Harris and Yalden,
2004). They also stresséte need for continuity. It is very important to keep the methods of
monitoring the same over prolonged periods of time. This is to make sure that all data can be
used in the analysis in order to track changes in abundance.

4.5.2 Interview on mammal monitoring

This interview was conducted in the context of mammal monitoring. Yorick Liefting was
contacted because of his expertise with mammal monitoring using camera traps. He is employed
at Wageningen University at the Resource Ecology Group as a research tacliecaso
manages the agouti application, an application that automatically analyses camera trap data.

One of the first things that became apparent in this talk was that application of camera traps is
the most reliable method of surveying mammals. Becenssg mammals are quite shy they

will leave when they notice a human entering the area. This makes direct sightings very
difficult, also since some mammals like mice are very small and can hide well. A way to
circumvent this problem is by analysing indirewidence like tracks, scat, and faeces. In order

to accurately assign these traces is, however, a very expertized skill. Therefore it is unlikely
that we can train the owners to accurately do this. And even when done by a professional the
interpretationis still subjective and open to discussion. Camera footage, however, provides a
very clear and direct evidence of the animal being present.

Yorick was contacted because of his work in the backyard project where people place camera
traps in their backyardo monitor what animals occur there. Even though the protocol is
designed for backyards we can copy theupeailmost entirely. This protocol consists of 4 steps:
inventory, placement, collection, and analysis.

In the inventory, an expert visits the ptot get familiar with the surroundings. During this
period he will make a first estimation of the possibly occurring species, good placement spots
for the camerab6és, and whether the owner wil/

The trap placement is the next step. the cameras that Yorick Liefting advised was the model
Reconyx HC500. These cost around ~0500, but
placed on representative spots facing north to reduce the effect of #redrgunlight. This is
important since these traps work with infrared light. Yorick estimated that for an orchard about
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2-4 cameras would be needed per hectare. These will then have to operate iaeRs.
Combining a camera trap with an attractant esthat all the mammals in theighbourhood

will have been photographed at least once. In the backyard project, a tin of sardines was used
with some holes poked into it to release the scent. Using this method a presence/absence
analysis can simply be done Every ani mal present wi || be
photographed can be assumed to be absent.

After placement, the cameras are left fe4 8veeks. When using two cameras an alternative
can be to use one camera and move it after-#hev8eks and muthe monitoring again. After

this observation period, the footage is uploaded and analysed. The WUR uses the agouti
application for this. This application automatically analyses the camera footage. This saves a
lot of time and reduces the number of ergirge this task is too tedious for humans to carry
out. This application can also be used by external parties, but there is a price tag on it.

For a continuous monitoring program the way we envision it, it might be interesting to do
multiple measurementsyear. For example doing a measurement in every season can give very
nice results in comparing fluctuations within and between years.

A last important thing to consider is the surroundings of the orchards. When an orchard is
surrounded by heavily manayg&armland the orchard will never reach high biodiversity levels.

To correct for this it is important to create a buffer zone around the orchard and calculate the
ration between suitable and unsuitable habitat. This way a correction factor can be itetrpora
into the analyses. When making this buffer zone it is important to consider the home ranges of
the different species.

4.5.3 Conclusions

For the mammal monitoring, we propose to use camera traps. This is because most mammals
are very shy and visual observaisowill most often not occur. usage of traces could then be
used, but this is very subjective and can give rise to discussions. Using a setup with camera
traps and an attractant can monitor all the present mammals and a presence/absence analysis
can be cared out. unfortunately determining population numbers from camera footage is
expert work and may be overambitious for this system.

For the monitoring of bats, the method for the bird monitoring should be used. In the case of
nest boxes, it can be checkellether these boxes are actually used.

The data from this system can also be entered in tuintelling.nl. If the agouti application is used
to automatically analyses the camera footage the data will also be stored in the NDFF database
where it can be requested for further analyses purp@asen footagefor theAgouti
application can be uploaded at tuintelling.nl/wildcamera.
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5. Management Practices liacreaseBiodiversity

5.1 Overview onManagement Activities

This part provides an overview of management practices that can be applied in creating,
restoring, enhancing, managing or protecting natural orchard habitats and thus contribute to
enhance habitat quality and the improvement of biodiversity in the tmaaitiorchards.
Scientific literatures have been reviewed to assess the feasibility of each selected option for
enhancement of the targeted species. Emphasis is given to mammals, birds, insects and plants
which are the current interest of our commissionewever, not all the measures described

are specific to one kind of living organism but can create or enhance many habitats. For
example, hedgerows or tree cavities that can support a wide range of invertebrates, small
mammals, birds and reptiles. We chaseot discuss the management measures separately for
each family of species to avoid repeating the management practices several times. Instead, we
explain under each management option which families of species the particular management is
suitable forandin appendix 4

5.1.1 Tree cavities

Recently a study by Bock et al., (2013) indicated thatdesfties are important winter roest

sites formany wildlife since many animaksre in woody habitats and are cavity users. Gruebler

et al., (2013) reported a numbef factors related to management practices of traditional
orchards that can lead to cavity formation in traditional orchards which are tree age, varieties,
pruning characteristics, and presence of woodpetketies. Apple trees often form cavities
already at their young ages with small trunk diameters compared to other fruit tree species.
Traditional orchard owners might find it beneficial to include a high proportion of Apple trees
with many young trees to increase chance for cavities formation indredibrchards. Pruning
characteristics are also important management in the occurrence ofcdeitas. Griebler et

al., (2013) found that the presence of decayities was positively related to the number of
removed main branches (i.e. primary maiarwhes radiating from the trunk of a fruit tree).
Pruning wounds between 5 and 10 cm diameter often do not lead to the occurrence-of decay
cavities as discoloration is rarely induced (Dujesiefken and Stobbe, 2002). Pruning
management particularly that inlvong larger diameters affect inoculation of heart rot because
they are exposed to the environment for long time thus giving room for entrances of decay fungi
and therefore influence the formation of decayities (Gruebler et al., 2013). To increase
biodiversity in the traditional orchards, it is not only recommended to preserve the existing
cavity trees but also selective removal of large branches from fruit trees to establish high cavity
densities. The presence of woodpeetavities was another importiafactor for the formation

of decay treecavities identified by Griuebler et al., (2013), trees with woodpeckéties were

found to have increased probability of having decay cavities compared to trees without
woodpeckeicavities. Meanwhile, creatingtedctive environment for woodpecker birds can
help to accelerate the formation of decayities in traditional orchards. Griebler et al., (2013),
also found positive relationship of occurrence of the decay cavities with the age and the trunk
diameter at keast height (dbh) of the fruit trees. This study also proved that removing dead or
broken main branches improves the formation of large deaaiyies in the tree trunk.

17



5.1.2 Insect hotel

Insects are an important functional community in traditional orchardgintain biodiversity.

Insects species, as well as their natural enemies, require shelter from environmental hazards
like cold, rain, wind, heat and pesticide environment (Rodriisana et. al., 2012) (Figure

4). Accessibility of appropriate habitaehhances resting, foraging, and overwintering or
nesting of insects. In addition, a wide variety of arthropods such as spiders, caterpillars, tree
crickets, sawflies, weaver ants, trips and beetles, use plant foliage to build their domiciles, on
which theylive for all or a part of their life cycle. However, in traditional fruit orchards in
Netherlands, there are no leaves and flowers during the winter season. So, there is a possibility
to lose some species, especially winter sensitive species. Artifiglies can be created to
provide them with shelter within the orchards. The wooden structures within the insect hotel
provide a suitable microclimate, thus protecting insects from extreme temperature variations
(Etile, 2011).

Figure 4. Artificialinsect hotel in the traditional fruit orchard

Source: (Porcel & Swiergel, 2016)

5.1.3 Hedgerows

Hedgerows growing on the sides of the orchard play an important role in biodiversity
conservation and agroecosystem functioning (Mifiarro & Prida, 2013). Spetibedgerows

can offer suitable habitat for invertebrates. Hedgerows are places for alternative hosts as well
as prey for natural enemies in the absence of the pest (Wratten et al., 2012). Besides that,
hedgerows offer plant species that bloom and it caraset food source for insect species.
Maintaining diversity of perennial plant species in the borders provides different flower times
and host areas, which is beneficial to invertebrate diversity. The flowering plants in the hedge
are a source of pollen amectar, which is very essential for survival and reproduction of many
insect species such as pollinators, predators and parasitism (Holzschuh et al., 2012; Laubertie
et al., 2012). In perennial crops, such as fruit orchards, there may be a contineessisaoc

of floral resources available in the groundcover and the surrounding hedgerows throughout the
growing season. In the period of pesticides application in the orchard, hedge rows support
invertebrate predators. Hedgerows also protect butterflies Heaay wind speed and allow

their maximum activity.
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In many studies it is highlighted that the presence of hedgerows not only acts as effective
ecological corridors, but they can also function as habitats for different sgeaigsularlyfor

small mammals and birds. Hedgerows assist access to resources or habitat that might else be
too unsafe or remote for colonization (Silva & Prince, 2008). In addition, during winter they
can also provide winter cover for nbibernator tiny mammals. Baare known to use linear
structures within the landscape to cross between their roosting spots, feeding grounds and will
follow tree lines or hedgerows (Verboom, 1998). The base of the hedge offers shelter for
woodland mice, bank voles and shrews, wlaichuires its name because of its link with hedge
banks. Bigger mammals for example, stoats, badgers and hedgehogs also use hedges for food
and shelter. The list of plant species suitable for hedge or border rows are given in the
(Appendix 2).

5.1.4 Nesting boxefor birds

Cavity nesting birds use the pegisting cavities as their nesting sites (Figure 5). These cavities
may be natural or formed as a result of excavation by other birds like woodpeckers or other
animals that are primary cavity dwellers which uge tavities they make themselves for
nesting. Natural cavities can occur when a tree is damaged due to diseases or harsh weather
condition (Pierce, 2014). When such cavities are missing or are insufficient in the orchard it
may lead to the decline of cayihesting bird species. Habel et al., (2015) reported that
biodiversity of cavitynesting birds can be improved by simple and convenient measures like
the installation of nesting boxes. The results of Habel et al., (2015) in Southwest and Central
Luxemboug showed that the conservation of the nocturnal bitdisene noctuacould be
supported with the installation of nesting boxes in high stem orchards where the population of
A. noctuafound to increase as a result of installation of nesting boxes in the ateia. In the
United States, providing artificial nesting site was also found to be very important in improving
the biodiversity of cavity nesting birds. The research conducted by Katzner et al., (2005)
indicates that the use of bird nest boxes enhapopdlations of Pennsylvania birds.

Maintaining bird diversity in the fruit orchard is very important. They provide important
ecosystem services, such as control of insects, dispersal of seed and nutrient deposition
(Sekercioglu, 2006). They contribute dgifgdo reduce the frequency and amount of insecticide
application in the orchards through eating insect as their food. Although an orchard already acts
as a refuge for a mixture of species circumstances can always be improved. Nest boxes can
contribute adt for this. Especially in terms of breeding prospects and shelter in early winter,
improving survival rates for wintering birds.

Different management practices can be used to optimize habitats of traditional orchards for
birds conservation depending ore ttargeted species. The research conducted by Habel et al.,
(2015) in Southwest and Central Luxembourg gives insight on howational orchards
habitat can be manipulated to increase nocturnal birds. The results of Habel et al., (2015)
suggest that #h conservation of the nocturnal birds, noctuacan be supported with the
installation of nesting boxes in high stem orchards. The populAtioroctuawas found to
increase as a results of installation of nesting boxes in the study area.
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Figure 5.Nesting boxes for bird in the traditional orchgka biodiversité dans les vergers hatitge, 201).

5.1.5 Canopy openness

Horak (2014a) showed that increasing the level of canopy openness (sun exposure) of
traditional orchards could increase specielsness of saproxylic beetles (Eucnemis capucina,
Ptinus rufipes, and Scolytus mali) while Hylesinus fraxini species was positively associated
with a greater proportion of deciduous woodlands in the surroundings of the orchards.
Management practices inwihg opening the canopy of the fruit trees like pruning, and
reasonable spacing of the fruit trees may be of importance to optimize habitat for improving
biodiversity of these insect species.

5.1.6 Grazing

Management of grasses and shrubs in traditional orshare important for controlling
herbaceous and woody weeds. An effective grazing regime can be used as a management tool
for controlling weeds in traditional orchards to improve the health of the trees and the habitats
quality for increasing species biodisity. For example, Bubova et al., (2015) found that proper
grazing is one of the most effective methods known to improve the quality of habitats for many
butterfly species. However, grazing should be appropriately planned, which means considering
numberof livestock units per area unit, grazing period and types of grazing animals (Poyry et
al., 2005). For example, a generally agreed rule is that the optimal grazing intensity should be
less than that 0.5 livestock units (Konvicka et al., 2008). The methgdazing also is an
important factor. Because, continuous grazing in the same place in the orchard can also destroy
the ground cover and can reduce species diversity. The manure produced by grazers can
increase number and activity of dung beetle in tmaz{dg can help with controlling the
structure and composition of ground cover of orchards. (Hutton & Giller, 2003). Burgess (1999)
suggested that the introduction of silvopastoral (trees and pasture) systems can lead to an
increase in the diversity of ievtebrates and perhaps birds on grassland farms (Burgess, 1999).

5.1.7 Fruit species diversity
A traditional orchard with diversified fruit species supports a good extent of biodiversity level.
Fruit blossom begins in early March with different varieties flomgethroughout spring. Fruit
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ripening time also varies between varieties, they are generally grouped into early, mid and late
season varieties. Planting a diversity of trees means that orchard will be a source of nectar,
pollen and fruit for longer perioeh one year. For example, plums will flower in March, pears

in April and most of the apples flower in May. Diversified vegetation species increases
abundance and activity of natural enemies like predators and parasitoids and enhances
biological pest contidBrown, 2001). Besides, the longevity or fecundity of some species may
also be increased (Irvin et al., 2006). In addition, distance within the trees or tree density should
maintain properly. Although, the density of fruit trees varies from speciesetiespbut it is
necessary to maintain because it contribute a lot to conserve biodiversity of the orchard.

5.1.8 Pest Control

Use of pesticides and chemical fertilizer in the fruit orchard has an adverse effect on most of
the components of orchard. Due to hwst fixity pests and diseases may exist in the orchard

all over the year (Simon et al., 2010). Pesticides causes loss of habitat and contribute to the
reduction of plant and animal biodiversity in the ago system (Krebs et al., 1999). Especially
within the insect community in an orchard it creates an imbalance. Due to insecticides
application in the orchard, natural enemies of insect pest become affected more than the harmful
insect. As a result, harmful insect community establishment becomes easientohtiel.
Besides, pesticides kill bees and other pollinating insects in the orchard. Application of
chemical herbicides to control weed species in the ground cover of the orchard also detrimental
for other plant species and even some invertebrates. Couasinapplication of chemical
herbicides causes permanently disappearance of some sensitive plant species from the orchard.
Finally, it ultimately breaks down the food chain of the orchard ecosystem and causes
biodiversity loss of the orchard. If it is nesasy to control pest in the traditional fruit orchard,

the biological control is a good option to keep the harmful pest below the threshold level less
or without affecting habitat quality of a traditional fruit orchard.

5.1.9 Dead wood and trees

In traditional fuit orchards, the dying of trees and plantation of new trees is a continuous
process. Usually the owner of the orchard removes the dead trees before planting a new fruit
tree on that area to fill up the gap. In addition, during the practice of prunadybdenches are
removed from the tree. But these dead and dried tree parts can provide good shelter or habitat
for some functional community. Dead wood and dry wood remaining in the fruit trees of the
traditional orchard can improve the habitat qualityif@ects, birds, bats and mammals and
improves the biodiversity (Figure 6). In the dead wood, the above ground nesting species make
hole by woodboring insects (SteffaDewenter & Leschke, 2003). Mainly predators and
pollinators like wasp and bees takeidesce on dried wood. Both of them are important
functional group as because bees reflect floral and wasps insect and spider diversity in the
traditional fruit orchard. Some saproxylic species of invertebrates depends on dead or decayed
wood with amalgamain of wood decaying fungal species (Dubois et al., 2009). The standing
dead trees also provide shelter for many small mammals species. Dead trees within the orchard
increases bird density because of many holes that can support as roosting sites and rich
resources of food (Myczko et al., 2013). Instead of removing dead trees from the orchard, it is
better to plant new trees just beside the dead trees. If the branches give too much shade to the
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newly planted fruit sapling then some branches can be remowesl pfiactices really can
contribute a lot to improve the biodiversity of traditional fruit orchard.

Figure 6 Supporting birds and mammals by dead trees remaining in the orchard
Source: (Pennsylvania Game Commission, 2016l&nry Johnson, 2010)

5.1.10 Log piles

Fallen logs/deadwood retained on the orchard and piled rotting timbers offer a valuable habitat
for mammals and many invertebrates (Latham & Knowles, 2008). Many mammals and all
saproxylic invertebrate species use or depend on decaying or dea{Dubais et al., 2009).

Horak (2014a) also reported that high number of saproxylic species were associated with old
dead wood. Orchard owners therefore can enhance habitat quality for biodiversity improvement
in their orchards by retaining the fallen andioiting logs resulting from dead old fruit trees.

As analternative,they can make stacking of rotting timber or cut logs to form a refuge or
hibernation sites to compensate for loss in habitat area for these animals (Carlin et al., 2010).
Where to locate these hibernation sites for optimal maximization of habitat pofentia
invertebrate and other animal? Refuges must be placed in a number of locations in the orchards
targeting areas with shady spots as many species of invertebrate prefer refuges placed within
shades (Carlin et al., 2010) except those specifically afora@ptiles those must have south

facing banks to offer opportunity to bask in the sun. Moreover, the location must be sheltered
to avoid frost pockets and areas vulnerable to flooding (Carlin et al., 2010). On freely draining
soils, the material can b&glinto a depression of about 0.5m deep (Hayes & Whitehurst, 2001).
Lastly, it is advised that log piles plus other refuges should not be placed or created where there
are already have good quality as there is less likely that the targeted speciesiseeuittficial

habitat sources, and thus the added value of enhancing a habitat may be lost (Carlin et al., 2010).
Cuttings resulted after pruning also can be strategically placed within the orchards for the same
purposes rather than burning them withia ¢éinchard. If the owner have facility to collect some

big stones and can be placed in the orchard in heap to serve more or less same function as
compile of woodFigure 7)
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Figure 7 Compile of wood, pruned plant part and stone

Source:(Labiodiversité dans les vergers hatigge, 2011)

5.1.11 Fallen fruit

Fruit falling from the trees is a common phenomenon in a traditional fruit orchard. The owner
of an traditional orchard can optimize his orchard habitat by leaving some of the fallen fruits.
Whenfruits are left on the ground, an important autumn and winter food source are provided
for a range of wildlife, which help them to survive the winter. Frugivorous birds and mammals
often eat on fallen fruit in the orchard (Corlett, 1996). Fallen frugster natural larder that
attract species like butterflies, birds, moths, mammals and bees.

5.1.12 Beekeeping

Bees are efficient pollinators in the fruit orchard. They can extract honey from flower of the
fruit trees as well as other flowering herb in the grohdtivation of honey bees not only give
outcomes with honey but also enhance fruit setting of the trees through enhancing pollination.

5.1.13 Water Bodies

Water bodies like small lakes or ponds play an important ecological role and ecosystem services
(Céréghino eal., 2014). The hedge or trees on the bank of lakes supports more suitable habitat
for to birds, bats, amphibians, reptiles and terrestrial invertebrates particularly dragonflies and
damselflies (Winfield, 2009). Davies et al., (2016) proposed that mxengoonds offer higher

habitat heterogeneity and this is preferred by some woodland bird species. Most of the frogs
and toads are associated water bodies during breeding as well as nonbreeding periods of their
life cycle. In addition, some mammals likeslvs, moles, mice, rats, lemmings, and voles also

get support from waterbodies (Winfield, 2009).
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