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Ecosystem functions are important for the resilience of ecosystems and for human
livelihood quality. Intact habitats and heterogeneous environments are known to provide
a large variety of ecosystem functions. Natural and near natural ecosystems surrounding
agroecosystems may positively support crop growing conditions and thus facilitate crop
yields. In contrast, monocultures of crops and trees as well as degraded landscapes
are known to provide less ecosystem functions. The Taita Hills in southern Kenya are
part of the Eastern Afromontane biodiversity hotspot, and represent a habitat mosaic
consisting of largely intact cloud forests, agroecosystems and plantations of exotic trees.
In this region, subsistence farmers rely on ecosystem functions provided by natural
ecosystems. In this study, we analyze three proxies of biodiversity and ecosystem
functions, namely pollination activity, predation rates, and arthropod diversity in tree
canopies. We set study plots along forest-agroecosystem-gradients, covering cloud
forest, forest edge and agricultural fields, as well as plantations of exotic trees. We
assessed environmental conditions, to evaluate the extent to which local environmental
factors influence ecosystem functions. Based on these data we investigate potential spill
over of ecosystem functions from forest into adjoining agroecosystems. For predation
rates we found trends of spill over effects from forest interior into the agroecosystem.
The expression of ecosystem functions differed among habitat types, with comparatively
high predation rates in the forest, high pollinator activity in the open agricultural areas,
and highest arthropod diversity along the forest edge. Eucalyptus plantations showed
reduced ecosystem functions and lowest arthropod diversity. Local factors such as
vegetation cover and flower supply positively influence pollinator activity. Our study
show that natural ecosystems may positively contribute ecosystem functions such as
predation, while the homogenization of biota through planting of invasive exotic tree
species significantly reduce biodiversity and ecosystem functions. Transition habitats
such as forest margins, and small-scale ecological enhancement positively influences
biodiversity and ecosystem functions.

Keywords: pollination, predation, arthropod diversity, environmental conditions, ecosystem functions, habitat
destruction, spill over, invasive exotic species
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INTRODUCTION

Natural ecosystems provide valuable habitats for numerous
animal and plant species and ecosystem functions (Ebeling
et al., 2018). Ecosystem functions are of high relevance to the
resilience of ecosystems, and for human well-being (Naeem
et al., 2010). Human livelihood quality rely on intact nature and
landscapes (Millennium Ecosystem Assessment, 2005; IPBES,
2019). In the meanwhile, the value of ecosystem functions has
been estimated and quantified in monetary terms in various
studies (Dainese et al., 2019). For example, it is estimated that
the annual pollination of crops by various insects alone creates
US$ 195 billion to US$ 387 billion United States dollars in
value (Klein et al., 2008; Porto et al., 2020). Studies evidenced
that landscape homogenization in agroecosystems lead to a
significant reduction of ecosystem functions and services, such
as pollinator activity and pest control (Steffan-Dewenter et al.,
2006; Witt et al., 2018; Dainese et al., 2019). Thus, natural and
near-natural ecosystem interspersed throughout landscape may
significantly increase crop yields in neighboring fields through
positive spill over effects (Kollmann et al., 2016; Barrios et al.,
2018; Dawson et al., 2019; Tamburini et al., 2020; Tschartke
et al., 2021). This was evidenced for pollinators (Garibaldi et al.,
2016) and predators like birds which are of high relevance
for pest control (Benjamin et al., 2016; Karp et al., 2018;
Tela et al., 2021).

The distribution of biodiversity and ecosystem functions
become particularly evident for the highly degraded cloud forest
fragments of Taita Hills, southern Kenya. This mountain range is
part of the Eastern Afromontane biodiversity hotspot (Burgess
et al., 2007; Mittermeier et al., 2011). These mountains were
originally covered by cloud forest, but become almost completely
deforested in the wake of human settlement (Maeda et al., 2010).
Diverse and species riche cloud forest has been almost completely
transformed into eucalyptus plantations and agricultural fields,
interspersed by some few cloud forest remnants (Teucher
et al., 2020), with negative effects on (endemic) flora and
fauna (Omoro et al., 2010; Norfolk et al., 2017) as well as
ecosystem functions (e.g., soil fertility, soil erosion, Michelsen
et al., 1996; Scott et al., 2005; Baohanta et al., 2012; water
availability, Hohenthal, 2018; Castro-Díez et al., 2019). For
instance, many of the original local springs dried up during the
past decades in the wake of large-scale planting of eucalyptus
trees (Hohenthal et al., 2015). Other ecosystem functions such
as pollination and pest control (among others, see Lamarque,
2009; Pellikka et al., 2013) might similarly negatively affected
from ecosystem destruction.

In our work we measured different proxies of ecosystem
functions in parallel, on identical plots and along gradients to
test for potential spill over effects (from forest interior into the
surrounding agroecosystems). Apart from measuring ecosystem
functions on the ground, we also considered arthropod diversity
of tree canopies, which harbor an essential part of biodiversity
in tropical forests (see Nadkarni, 1994). And, in addition to
potential effects and trends at a landscape scale (comparing
different ecosystems), we also measured potential effects of the
local environment for each study plot. For our analyses we

considered natural cloud forest, forest edge (transition zone
between cloud forest and agricultural land), agricultural fields
(open land), and eucalyptus plantations. Ecosystem functions
were measured at 10 × 10 m study plots, which were mainly
set along gradients from forest interior, transgressing the forest
edge, and ranging into the agricultural fields (perpendicular to
the forest edge) (see Habel and Ulrich, 2020). We measured
three proxies to quantify biodiversity and ecosystem functions:
pollination activity, predation rates [according the Rapid
Ecosystem Function Assessment (REFA) protocol, Meyer et al.,
2015; Meyer et al., 2017], as well as arthropod diversity in tree
canopies using flight interception traps (see Habel et al., 2021).
We chose these proxies as they are considered to play a key-role
for successful agriculture (Meyer et al., 2015) and represent the
ecological performance of a landscape. In addition, we measured
environmental parameters for study plots to account for potential
local effects of environmental conditions on ecosystem functions.
Based on these data and the results obtained, we will answer the
following questions:

1. Are there significant differences in arthropod diversity and
ecosystem functions between the different habitat types
studied?

2. Do arthropod diversity and ecosystem functions differ
between native forest and exotic tree plantations?

3. Do positive spill over effects of diversity and ecosystem
functions exist from forest interior into the agricultural
landscape?

4. What can we derive from our results for practical forest
conservation and landscape management?

MATERIALS AND METHODS

Study Area
The Taita Hills represent the northern most section of the
Eastern Arc Mountain range (Newmark, 1998; Burgess et al.,
2007) and host a large variety of endemic (endangered) plant
and animal species (Bytebier, 2001). Therefore, the Taita
Hills are part of the Eastern Afromontane Biodiversity
hotspot (Mittermeier et al., 2011). Pre-colonial human
settling started the transformation of natural cloud forest
into agroecosystems for smallholder farming (Hohenthal,
2018), and forest replacement by exotic tree plantations
(Teucher et al., 2020). This transformation of ecosystems also
affects species diversity until today (Mulwa et al., 2021) and
species composition (Schmitt et al., 2020). These changes
of ecosystems also impact various ecosystem functions
which are important for the resilience and recovering of
ecosystems, and human livelihood quality. Studies showed
that the expansion of eucalyptus trees caused the drying out
of major parts of Taita Hills, and subsequently the vanishing
of most springs (Hohenthal et al., 2015; unpublished data).
That is problematic as water is one of the key pre-requisites for
successful smallholder farming. We assume that other ecosystem
functions have been negatively affected by these fundamental
changes of ecosystems.
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Study Set-Up
For the measuring of ecosystem functions, we applied a
standardized, low-tech, and easy-repeatable technique – the
REFA (Meyer et al., 2015). We measured pollination activity and
predation rates. These proxies are of high relevance to conduct
successful smallholder farming (Tscharntke et al., 2012). Data
collection was performed at the end of the dry season (3–24
September 2021). One study plot (10 × 10 m) consisted of
three colored pan traps (yellow, blue, and white) set in the
plot center, and 10 artificial caterpillar dummies out of green
plasticine (spread across the study plot, with 10 cm minimum
distance between single dummies, fixed on a small brown paper
pad). In total we established 160 study plots along gradients
from dense cloud forest interior into open agroecosystems, and
additional 20 plots within exotic plantations. Gradients were set
perpendicularly to the border of the forest. For each gradient, we
established two study plots inside the forest (8 m and about 200 m
distant from forest edge), one plot at the forest border (0 m), and
five study plots across the agricultural land (with 8, +16, +32,
+64, +128 m distance from the previous study plot, following a
logarithmic scale). The aim of integrating gradients in our study
was to test for potential spillover effects of ecosystems functions
from natural forest into the adjoining agroecosystems (see section
“Introduction”). In parallel, we used these data to compare
levels of ecosystem functions for the different habitats. For this
comparative approach we used data from the following habitat
types and study plots: Cloud forest (200 m distance from forest
edge, N = 20 plots), agricultural land (248 m distance from forest
edge, N = 20 plots), forest border (N = 20 plots), and eucalyptus
tree plantations (N = 20 plots). The exact location of each
study plot was measured with a handheld GPS Device (Garmin
GPSMAP 64s), and visualized in Figure 1. In the following, we
describe the two proxies of ecosystem function assessed based
on the REFA method, and the collection of arthropods in tree
canopies using flight interception traps.

Rapid Ecosystem Function Assessment
Pollination activity is crucial for successful agriculture and high
crop yields (Klein et al., 2008). We measured pollination activity
based on the total number of insects caught with yellow, white
and blue pan traps. Several studies have shown that these colors
exhibit highest sampling efficiencies across a wide array of
different taxa of flying insects (Campbell and Hanula, 2007;
Westphal et al., 2008; Wilson et al., 2008; Nuttman et al.,
2011). Pan traps were filled with saturated salt solution with
dish washer and placed at a height of about one meter above
ground level. Three traps were positioned in the center of
each study plot. The pan traps were activated for a total time
span of 7 h, from morning till late afternoon. We subsequently
sorted the material according to orders Hymenoptera (excluding
Formicidae), Coleoptera, Diptera, and Lepidoptera. In addition,
we considered representatives of the family Formicidae.

Natural pest control may significantly increase agricultural
yields. Therefore, we measured the level of pest control by
measuring predation rates. For this, we counted attacks on
artificial caterpillars made out of green plasticine (Loiselle and

Farji-Brener, 2002; Koh and Menge, 2005; Ruiz-Guerra et al.,
2012). This method allows to differentiate among predator
groups (in our case we differentiated among insects, birds,
rodents, and snails) by respective bite marks on the green
plasticine (cf. Howe et al., 2009). We used 10 × 2 cm long
caterpillar dummies at each study plot. The caterpillars were
exposed for 24 h to attract both, diurnal as well as nocturnal
predators. Subsequently, we assessed all bite marks and calculated
the proportion of dummies with at least one bite mark. As one
predator may cause several bite marks, we did not consider bite
frequency per dummy. Thus, more than one bite mark per species
would be recorded as 1 record per dummy. Vanished dummies
were classified as predated, without any further information on
the group of predator (cf. Meyer et al., 2017).

Flight Interception Traps in Tree
Canopies
Apart from the two proxies of ecosystem functions, we also
assessed arthropod diversity in canopies of trees, across all four
habitat types. For data collection, we used light traps equipped
with blue, green, and UV LEDs, which were attached to four
panes (10 × 30 cm each) of acrylic glass. A collecting jar
underneath was filled with 70% Ethanol. A power bank provided
electricity for two nights (>48 h). We installed light traps in the
lower canopies about 4 m above ground. Sampling was done
at five locations for each of the four habitat types (inside the
cloud forest Chawia, along the forest edge of Chawia bordering
open agricultural land, open agricultural land, and plantations
of exotic eucalyptus trees, in total 20 sampling sites). Arthropod
sampling was repeatedly conducted for 2 days and nights at
each sampling site. Each trap was activated the whole 48 h to
utilize the passive effect of the flight interception traps during the
day, and the attractive effect during night. We emptied the traps
every second day at 5 p.m., changed the batteries and relocated
them. Each trap was set at least 1 h before sunset. Sampling was
conducted during a 10-day sampling campaign (13-23 September
2021). Some of the UV LEDs inside the Chawia cloud forest
were placed in the dense leaf canopy. Therefore, the radiant
power of the LEDs was limited in space. Distances among traps
were at least 150 m, and the UV LEDs were placed so that the
light of the neighboring lamp was not visible to reduce spatial
autocorrelation (see Horak, 2013).

Environmental Parameters
Local environmental conditions might impact biodiversity
and ecosystem functions. Thus, we measured the
following environmental parameters for single study
plots: Estimated cover of leaf litter (no, little, medium,
and high); estimated cover of herbs, shrubs, and
canopy-closure (all with this scale 0–25, 25–50, 50–
75, 75–100%); estimated flower availability (no, little,
medium, and high).

Statistics
We used generalized linear modeling (GLM) to link pollination
activity, predation rates, and biodiversity measures (response
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FIGURE 1 | The Taita Hills study area in Kenya (small inlet map), with the two forest patches, Fururu forest (plantation) and Chawia cloud forest, surrounded by open
agricultural land. Gradients are shown in the large map below.

variables) to the above mentioned environmental parameters
(categorical predictors), and to the distance from forest
edge (metric parameter). As the response variables were
based on count data, we used a Poisson error structure
and a linear link function (O’Hara and Kotze, 2010; Little,
2013). Single effects of habitat structure were assessed from
one-way ANOVA and post hoc Tukey tests. We estimated
the degree of habitat variability from the coefficient of
variation CV = σ/µ of the two REFA variables within each
habitat type, where σ and µ are the SD and the mean
variable expressions. Calculations were done with Statistics

12.0. Errors refer to standard errors and bootstrapped
confidence limits.

RESULTS

The four habitat types (cloud forest, forest edge, agricultural land,
and exotic tree plantations) differed with respect to predation
rate and pollination activity (Table 1 and Figure 2). Predation
rate was highest in the cloud forest and pollination activity was
highest at the forest edge (Figure 2). Pollination activity, i.e.,
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TABLE 1 | Average values of major pollinator abundances (blue, yellow, and white
traps combined) in the four habitat types.

Habitat Hymenoptera Coleoptera Diptera

Agriculture 1.00 ± 0.24 1.09 ± 0.46 3.57 ± 0.54

Forest edge 0.89 ± 0.26 0.37 ± 0.14 3.11 ± 0.63

Forest 0.74 ± 0.21 0.53 ± 0.23 1.68 ± 0.41

Plantation 0.35 ± 0.13 0.15 ± 0.08 1.35 ± 0.31

Errors denote standard errors. Bold types mark significant differences in post hoc
Tukey comparisons after one-way ANOVA at P(F3,176) < 0.05.

FIGURE 2 | Average numbers of pollinators (all color traps combined) and bite
marks (arthropod predation) in the forest (F, green), the forest edge (E, blue),
the agricultural fields (A, orange), and the tree plantation (P, red). Different
letters above the bars denote statistically significant differences in pair-wise
U-tests after one-way Kruskal–Wallis ANOVA at P < 0.05. Error bars denote
standard errors.

Hymenoptera, Coleoptera, and Diptera abundances were lowest
in the plantations and highest in the agricultural land (Table 1).
Trapping with flight-interception traps in canopies returned very
similar results (Figure 3). Forest edges and agricultural land were
richest in total insect numbers (Figure 3A) and major insect
orders (Figure 3B). The plantations were in both cases devoid
of insects (Figure 3). The GLM returned significant differences
in pollination activity with respect to habitat characteristics

(Table 2). Pollination activity was lowest in places without
herb cover (Figure 4A) and low flower numbers (Figure 4D).
Predation rates increased with increased shrub cover (Figure 4C).
Leaf litter cover did not significantly influence predation and
pollination activity (Figure 4B).

We further looked at the variability of the measured function
within each habitat type (Figure 5). We found relatively low
coefficients of variation of CV < 1 indicating a lower within
habitat variability than expected from a Poisson distribution. For
the two measures (pollination and predation), variability was
highest within the cloud forest and lowest in the exotic tree
plantations (Figure 5). All raw data (pollinator activity, predation
rate, flight interception traps, and environmental parameters) are
given in Supplementary Appendix 1–4.

Finally we tested for significant spill over effects of ecosystem
functions, from the forest into the open agricultural lands. Plots
of numbers of insect bites in the dummy larvae (Figure 6A) and
numbers of individuals of flying arthropods in pan traps revealed
a marked although statistically insignificant trend [ANOVA:
P(F8,171) > 0.1] of increased bites and Hymenoptera individuals
8 and 16 m inside the agricultural land, and higher predation
rates inside the forest than in open agroecosystems. Numbers of
Diptera peaked around the forest edge while Coleoptera numbers
increased toward the agricultural land (Figure 6B).

DISCUSSION

We found a trend toward higher predation rates in heterogeneous
and natural cloud forests than in the surrounding agroecosystems
(with lowest rates in tree plantations). Bite marks were mainly
from insects (ants), but also from small mammals (exclusively
inside the forest). We conclude that the abundance of arthropods
(mainly ants) is significantly higher inside natural forest than
across the disturbed agricultural landscape. The obtained higher
level of predation inside of forest indicate a potential source for
spill over into the adjoining agroecosystems. This phenomenon
was already shown in previous studies (Klein et al., 2003, 2007;
Ricketts, 2004; Tscharntke et al., 2008; Calvet-Mir et al., 2012;

FIGURE 3 | (A) Average numbers of insects recorded in light traps in the forest (F, green), the forest edge (E, blue), the agricultural fields (A, orange), and the tree
plantation (P, red). Identical letters in (A) above the error bars indicate lack of statistically significant differences in pair-wise U-tests after one-way Kruskal–Wallis
ANOVA at P < 0.05. Error bars denote standard errors. (B) Respective numbers of four major insect orders.
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TABLE 2 | Generalized linear modeling (Poisson error structure, linear link function)
detected significant influences of important categorical habitat structures (leaf
litter, herb, and shrub cover) on pollinator abundances but not on predation
pressure (number of bite marks).

Variable df Pollinators Predation Hymenoptera Coleoptera Diptera

Leaf litter 3 14.53** 4.64 24.*** 24.*** 55.7***

Herb cover 4 26.99*** 2.52 12.8* 12.8* 13.2*

Shrub cover 6 15.50* 8.29 31.4*** 31.4*** 84.3***

Nflower 3 4.28 3.31 1.11 1.11 50.9***

1FE 1 5.45* 6.06* 5.6* 5.6* 12.8*

1FE
2 1 0.05 0.03 3.31 3.31 72.3***

Z-transformed distances (1FE ) and squared distances (1FE
2) to the forest edge

served as covariates. Given are Wald values. N = 180.
Parametric significances: *P < 0.05, **P < 0.01, ***P < 0.001.

Habel and Ulrich, 2020) and interpreted as a positive effect on
agricultural productivity. Predation may support the regulation
of potential pest outbreaks, and thus is of high relevance
for smallholder farmers and food-security (cf. Olfert et al.,
2002; Haddad et al., 2009). Therefore, it has been increasingly
recommended that small forest islands remain during forest
clearings, to guarantee a minimum of ecological pest control
function, and thus to preserve the resilience of landscapes (Oliver
et al., 2015). We found no trend of potential spill over of
pollinator activity from forest into agroecosystems, but higher
pollination activity throughout the agricultural landscape. Most
pollinators depend on ample sunlight, and are therefore found in

open landscapes with an adequate supply of flowers (see below).
This is the case in the extensively and heterogeneous agricultural
landscapes of Taita Hills, consisting of small fields, fallow land,
and gardens around housings. These results underline that
the co-existence of various ecosystems accelerate ecosystem
functions, as long as farming remains rather is not too intense
(Lichtenberg et al., 2017), as long as the cultivation of the fields is
largely extensive and small-scale.

Ecosystem Functions in Different
Ecosystems
Our data show that arthropod diversity and ecosystem functions
vary among different types of ecosystems, and show partly
contradictory trends. Previous studies showed that different
ecosystems provide different habitat structures and resources,
and thus are home of various plant and animal species,
which subsequently provide ecosystem functions (Weisser et al.,
2017). Arthropod activity such as pollinator activity is strongly
influenced by solar radiation, and therefore pollination activity is
greatly reduced in shaded and dense forest, but increases abruptly
at the forest edge, as shown by our data (pan-traps and flight
interception traps). This trend goes in line with other studies
showing that flying arthropods accumulate particularly at sunny
and flower-rich spots, which are more frequently found in open
agroecosystems (Nicholls and Altieri, 2013; Isbell et al., 2017),
as well as along ecotones (here the transition from forest into
agroecosystem). We found that predation rates are comparatively
high inside the forest. This finding goes in line with results from

FIGURE 4 | Average numbers of pollinator activity (all color traps combined) and arthropod predation (bite marks) in dependence on the fraction of (A) herb cover,
(B) leaf litter, (C) shrub cover (0: 0%, 1: 1–24%, 2: 25–49%, 3: 50–74%, 4: 75–99%, and 5: 100%), and (D) number of blossoms (none, low, medium, high).
Different letters above the bars denote statistically significant differences in pair-wise U-tests after one-way Kruskal–Wallis ANOVA at P < 0.05. Error bars denote
standard errors.
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FIGURE 5 | Coefficients of the variability of pollinator activity (all color traps
combined) and arthropod predation (bite marks) in the forest (F, green), the
forest edge (E, blue), the agricultural fields (A, orange), and the tree plantation
(P, red). Identical letters in above the bars indicate lack of statistically
significant differences in pair-wise U-tests after one-way Kruskal–Wallis
ANOVA at P < 0.05. Error bars denote bootstrapped 95% confidence limits.

other studies (Schwab et al., 2021), indicating key preconditions
such as microhabitat structures and microclimate accelerating
the abundance of arthropods (Schwab et al., 2021). Ground-
dwelling arthropods are adversely negatively affected by frequent
disturbances through farming activities and thus may build up
lower abundances in agroecosystems (Smith et al., 2008; Pardon
et al., 2019), which might be a reason of reduced bite marks of
dummy caterpillars in our study.

Our data show that eucalyptus plantations provide lowest
levels of biodiversity and ecosystem functions. The studied
eucalyptus plantations are extremely homogeneous and of only
little value to most native species. Thus, plantations of exotic
eucalyptus represent only little basis for the development of most
organisms (e.g. herbivorous arthropods, Zahn et al., 2009), and
subsequently for other organisms at higher trophic levels, such as
birds (Mulwa et al., 2021), and thus provide only little ecosystem
functions (Pejchar and Mooney, 2009), as approved by our own
data. Our results go in line with studies measuring the same
proxies of ecosystem functions using the same techniques. The
invasion of exotic plant species following ecosystem disturbance
resulted in the homogenization of a once heterogeneous and
species rich vegetation (Habel and Ulrich, 2021). Here, the
spread of the exotic invasive Lantana camara shrub species along
rivers in south-eastern Kenya resulted in collapse of biodiversity
across all trophic levels (Habel et al., 2018), and negatively affect
ecosystem functions (Habel and Ulrich, 2021). Similarly, in the
case of Taita Hills, intense planting of eucalyptus trees caused
shifts in abiotic conditions (such as hydrology and pH-value,
see Bewket and Sterk, 2005; Chanie et al., 2013; Guzha et al.,
2018), which may fundamentally modified species community
structures (John and Kabigumila, 2007; Gardner et al., 2008;
Martello et al., 2018; Allingham, 2020). Our results from the Taita
Hills show that most plantations (especially when they consist
of alien species) can result in drastic species loss (John and
Kabigumila, 2007; Gardner et al., 2008), and severe reduction of
ecosystem functions (Lemenih and Bongers, 2010; Omoro et al.,
2010; Bayle, 2019). In consequence, the plantation of eucalyptus

FIGURE 6 | Mean numbers of dummy bitemarks (A) and individuals caught
with pan traps (B: yellow: Hymenoptera, brown: Coleoptera, blue: Diptera) in
dependence on distance to the forest. Plantation data (Plant) are shown
separately. Error bars denote standard errors.

in Taita Hills does not represent suitable surrogate habitats for
native plant and animal species.

Local Environmental Parameters and
Ecosystem Functions
Our results show that local environmental conditions can
influence and significantly increase local environmental
functions. For example, pollination activity is positively
influenced by the presence of vegetation and flowers. Some
studies have already confirmed that landscape heterogeneity
and the existence of flower rich sites and fallow land enhance
ecosystem functions (cf. Isbell et al., 2017). In consequence,
planting flowering plants (e.g., flowering areas and flowering
strips) in agricultural landscapes is now a widely accepted tool
to maintain and accelerate ecosystem function (e.g., pollination)
which subsequently maximize crop yields (Garibaldi et al.,
2014; Albrecht et al., 2020). In addition to attracting pollinators
by offering flowers, it is necessary for numerous arthropods
(including representatives from the groups of Hymenoptera and
Diptera) to create fallow land for numerous arthropods with
appropriate microhabitat structures (vegetation, bare soil) to
support successful larval, i.e., species development.
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From Theory to Practice
The results obtained and the correlations show evidence that the
co-existence of various ecosystems represent different levels of
biodiversity and provide different rates of ecosystem functions,
and thus enhance the total value of ecosystem functions
at the landscape level. Biodiversity and ecosystem functions
can be specifically promoted by targeted ecological upgrading
of small areas located in between agricultural land. Seeding
flowering areas and flowering strips increases the attractiveness
of landscapes, and the presence of pollinators – and thus may
accelerate agricultural yields (Albrecht et al., 2020). In addition,
the establishment of fallows (resting areas) as potential nurseries
for numerous arthropods is essential for agroecosystems to be
able to develop at all. The cultivation of exotic and invasive
plant species (such as eucalyptus) do not represent a surrogate
habitat for most forest specialist taxa and thus cause significant
reductions in biodiversity and ecosystem functions, and the
devastation of entire landscapes.
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