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To what extent does organic farming promote species
richness and abundance in temperate climates? A review
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Abstract The loss of biodiversity in agricultural land-
scapes has been dramatic over the past few decades with
negative trends persisting. Organic farming has received
widespread recognition in the scientific and politic fields
for its environmental benefits, although the proportion
of land cultivated organically is still small and the extent
to which organic farming contributes to the promotion
of biodiversity is viewed controversially. We present a
critical, quantitative review of 98 mainly peer-reviewed
papers selected from 801 studies in temperate climate
zones published over the period 1990-2017. We quan-
tified differences in the species richness and abundance
of selected flora and fauna groups. In total, 474 pairwise
comparisons that compared organic and conventional
farming systems were considered. Overall, organic
farming showed higher species richness or abundance
in 58% of the pairs. No differences were found for 38%,
4% indicated negative effects from organic farming. The
average (median) species numbers of flora on arable
land were 95% higher under organic management as
well as 61% higher for seedbank and 21% higher for
field margin vegetation. For field birds, the species
richness was 35%, and the abundance was 24% higher
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in organic farming; for insects, the corresponding values
are 22% and 36% and for spiders 15% and 55%. Our
study underlines that organic farming can play an effec-
tive role in acting against the loss of biodiversity. Future
research should focus on the combined effects of land-
scape structures and organic farming, the effect of large-
scale organic farming, as well as on the correlation of
species diversity and production parameters. To meet
the systems’ representativeness, even more strict selec-
tion criteria need to be applied in further analysis.
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Introduction

Agricultural land use has a key role to play in the
preservation of wild flora and fauna and their habitats
(Firbank 2005). Species groups such as arable flora
depend on tillage operations, and field birds live partly
on fields that are cultivated for human nutrition and
fodder production. Insects play a crucial role, e.g., in
pollination and biological pest control. To prevent the
alarming decline of biodiversity worldwide, the Biodi-
versity Convention was agreed at the UN Summit in Rio
de Janeiro in 1992 (CBD 2000). However, the loss of
biodiversity has continued to accelerate worldwide, and
no reversal of this trend can be observed (Pe’er et al.
2017; Pimm et al. 2014). The national indicator for
biological diversity in agrarian landscapes in Germany
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shows a continuously negative trend (BMU 2018).
Many of the characteristic arable plant species have
declined dramatically over the last 30 years (Meyer
et al. 2013). Only up to five species can be found in
the center of many conventional arable fields (Batary
et al. 2012; Krauss et al. 2011; Gabriel et al. 2010).
Those species groups still occurring are depleted and
indicate a huge decline in specialized taxa as well as an
increase in herbicide-resistant generalists (Heap 2014).
The loss of arable flora has far-reaching consequences
for biodiversity on arable land, as arable flora forms the
basis of food reserves and shelter for insects, birds,
brown hares, and other wild animals (Holzschuh et al.
2007). Moreover, the loss of flowering plants affects
useful insects and has negative effects on predator-
prey relationships (Krauss et al. 2011). Significant
losses in the biomass of flying insects (more than
75%) are observed by Hallmann et al. (2017). Bird
species that depend on small insects and spiders during
the breeding period show a loss of about one third over
the last 25 years (Wahl et al. 2015). Hooper et al. (2012)
argue that the large net losses of biodiversity potentially
harm ecosystem functions and services in many regions.
In a global assessment, Newbold et al. (2016) estimate
that land-use and related pressures have already reduced
local biodiversity intactness beyond its proposed plane-
tary boundary across 58.1% of the world’s land surface,
where 71.4% of humans live.

Biodiversity in agrarian landscapes is highly influ-
enced by the kind of land use (Stoeckli et al. 2017;
Gabriel et al. 2010; Tscharntke et al. 2005). Diverse
crop rotations, the changes of spring and winter crops,
including perennial fodder crops, improve the habitats
for many wild species, as agricultural management takes
place at different times so that there are alternatives
during tillage or harvest (Gottwald and Stein-
Bachinger 2016; Stein-Bachinger and Fuchs 2012). Het-
erogeneous agricultural landscapes encourage diverse
species groups and their different ecosystem services
(Landis 2017; Tscharntke et al. 2005).

One of the main reasons for the high loss of species
and their habitats is intensive land use (Habel et al.
2019; Haber 2014; Uchida and Ushimaru 2014;
Benton et al. 2003) with a high input of nutrients and
pesticides (Isbell et al. 2013; Meehan et al. 2011), nar-
row crop rotations (Robinson and Sutherland 2002;
Kremen et al. 2002), the reduction of set-asides (Flade
2012; Herzon et al. 2011; Tscharntke et al. 2011) and
permanent grassland (Eglington 2009), the removal of
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landscape elements (Fabian et al. 2013), effective har-
vesting methods and seed cleaning (McCracken and
Tallowin 2004), as well as melioration or set-aside of
extensively used habitats (Uchida and Ushimaru 2014;
Berg et al. 2004). The loss of wild flora and fauna
species has negative effects on subsequent parts of the
food chain (Heldbjerg et al. 2016; Krauss et al. 2011).
Moreover, the quality and function of agricultural land
as a habitat declines as reproduction conditions are
degraded (e.g., the loss of suitable breeding sites in
dense vegetation) (Quinn et al. 2016; Eglington 2009).

Several reviews and meta-analyses over the last 30 years
have shown the positive effects of organic farming on
above- and belowground biodiversity in comparison to
conventional farming (e.g., Tuck et al. 2014; Rahmann
2011; Mondelaers et al. 2009; Bengtsson et al. 2005; Hole
et al. 2005; Azeez 2000; Stolze et al. 2000). These include,
e.g., soil microbial abundance and activity (Lori et al.
2017), the diversity of arthropods (Lichtenberg et al.
2017), arable flora (Campiglia et al. 2018; Rydberg and
Milberg 2000; Hald 1999; Frieben 1990), and field birds
(Chamberlain et al. 1999; Lokemoen and Beiser 1997).
Hole et al. (2005) and Rahmann (2011) conducted a
qualitative evaluation and emphasized the positive effects
of organic farming on biodiversity. Bengtsson et al. (2005)
concluded in a quantitative meta-analysis that the richness
of the investigated species groups increased by 30% under
organic management and their abundance by 50% on
average. Further comparative studies such as Mondelaers
et al. (2009) mostly confirm the positive effects of organic
farming on biodiversity through the results of Hole et al.
(2005) and Bengtsson et al. (2005). Tuck et al. (2014)
conclude in a similar way to Bengtsson et al. (2005) that
organic management increases species richness by 30%
and this effect has been robust for the last 30 years. They
analyzed 94 studies based on the results of Bengtsson et al.
(2005) and further comparative studies, which were pub-
lished before 2011.

Organic farming is seen as a land use system that strives
to minimize negative environmental impacts such as the
loss of biodiversity, nutrient leakage, and soil degradation
(e.g., Lori et al. 2017). Although there is strong evidence
that organic farming can reduce the negative impacts of
land use, the positive effects on biodiversity are viewed
controversially (Seufert and Ramankutty 2017; Hodgson
et al. 2010). A relatively small proportion of land up to
now has been certified organic in the European Union.
From 2000 to 2016, a growth of 2.7% to 6.7% was noted
within the European Union (EU 28) (EUROSTAT 2018).
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But it has to be noticed that especially in developing
countries traditional farming methods, which have evolved
through generations on many small farms coupled with the
non-availability of fertilizers and pesticides, are still applied
and these farms remain uncertified although they could be
recognized as organic.

In our study, we present a new quantitative and statisti-
cally verified assessment of the impacts of conventional and
organic farming based on species groups of flora and fauna
which are significant for agricultural landscapes. The work
was part of the interdisciplinary study on the ‘“Benefits of
organic farming for the environment and society” (Sanders
and Hess 2019, eds.) which gives a comprehensive analysis
and evaluation of scientific studies on public goods provided
by organic farming in temperate climate zones since 1990
(with respect to water protection, soil fertility, biodiversity,
climate protection and adaptation, resource efficiency, and
animal welfare). Here, we present an extended data set to
quantify the effects of organic and conventional farming
systems on species richness and abundance. We focus on
arable flora, seedbank, field margin flora, insects, birds, and
spiders based on 98 studies.

Materials and methods
Data sources and selection criteria

We compiled data from studies that compared organic
and conventional farming systems concerning their im-
pact on species richness and abundance of selected
species groups. Organic farming was exclusively de-
fined by the authors in accordance with national and
international regulations (European Union Guideline
Council Regulations (EC) No 834/2007 on organic pro-
duction and labelling). For conventional systems, we
included studies defined as conventional or integrated
farming, taking into account that this represents a range
of conventional systems that use synthetic nitrogen fer-
tilizer and pesticides in differing intensities.

Initially, an evaluation of previous reviews and meta-
analyses was compiled by screening the selection proce-
dures and criteria, the involved species groups, as well as the
indicators, references, and results. Subsequently, a compre-
hensive literature search was conducted to identify relevant
studies addressing the impact of organic and conventional
farming systems based on defined criteria (Fig. S1). We
systematically searched ISI Web of Knowledge and Scopus
using the following keywords including synonyms and

using truncations: “‘organic (ecological, biological) farming
(agriculture, management)”, “conventional (integrated, non-
organic)”, “biodiversity (species diversity, richness, nature
conservation, nature protection)”, “genetic resources (diver-
sity)” and “rare species”.

In total, we identified 1112 studies in the online data-
bases Web of Science and Scopus (core collection) accord-
ing to the above mentioned keywords. After duplicate
checking (Fig. S1), we preselected 801 studies for the
analysis, including 89 eligible publications which came
from an additional search in the database organic eprints,
conference proceedings, or reference lists of reviews and
meta-analyses. The studies which were finally selected for
quantitative analysis had to meet the following criteria
(Sanders and Hess 2019, eds.): (i) publication period,
January 1990 to July 2017; (ii) region, temperate climates
(all C-climates, Dfa, Dfb, Dwa, Dwb, BSk) according to
the Kdppen-Geiger climate classification (Kottek et al.
20006); (iii) study design, at least one organic vs. conven-
tional pair with at least three independent replications; and
(iv) language, studies in English or German. We evaluated
specific flora species groups (arable flora, seedbank, field
margin flora), birds, flower-visiting insects, beetles, and
spiders.

We have put a focus on the indicators species richness
and abundance as the most frequently measured indicators
for generating a sufficient and consistent data set for anal-
ysis. Due to the very small number of usable results, we
excluded the topics “genetic resources” and “rare species”
from further evaluation. Species richness is defined as the
number of species, whereas abundance stands for the
number of individuals of a certain species or species group
per unit area and the cover of plants, respectively. Other
measures for biodiversity, such as the Shannon-Wiener
Index or Evenness, are calculated from the two selected
indicators and have been used comparatively rarely in the
studies. We analyzed mean and total values separately,
whereas mean richness or abundance stands for the mean
number of species or individuals per sampling unit (e.g.,
plot) and total richness or abundance for the sum of
collected species or individuals in the investigation area
(e.g., farm). In some cases, more than one organism group
was investigated in a study, or the recordings were carried
out in various crop types. These were analyzed as separate
observations.

In order to perform a quantitative evaluation, the studies
had to contain extractable data that quantify the effects of
the farming system on at least one of the two indicators.
We concentrated on measured results, i.e., model-based
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studies were excluded. If the results had been published
more than once, the publication with the latest or most
complete data set was used. Furthermore, we excluded
studies carried out in rice cultivation, aquaculture, or green-
houses as well as bacteria, yeast, fungi, aphids, and hypo-
geal organisms. Studies investigating the effects of conver-
sion to organic farming were also excluded (Fig. S1).

Data extraction and analyses

Data were extracted directly from the text, tables, or supple-
ments, where possible. When data were provided graphical-
ly, the online tool WebPlotDigitizer (Rohatgi 2018) was
used for standardized data extraction. As methods of data
collection varied greatly among studies even for the same
parameter, extracted values were not directly comparable.
Therefore, the relations between organic and conventional
farming (%) were calculated for each pair (conventional
variant = 100%). The percentage deviation' between organ-
ic and conventional farming was graphically illustrated
using boxplot diagrams, if at least nine pairs were available.
Statistics (minimum, maximum, quartiles) were calculated.
Based on the difference, the effect of the organic variant was
classified for each individual pair: organic + (species rich-
ness or abundance were higher in organic farming), organ-
ic = (no impact of the farming system), and organic — (spe-
cies richness or abundance were lower in organic farming)
(Sanders and Hess 2019, eds.). If information on the signif-
icances of the results was given in the studies, we used this
for evaluation. If no significances were shown, a deviation
of at least 20% of the organic variant to the conventional
variant was applied. This conservative classification for “no
impacts” was chosen due to the methodological variations
used in field experiments.

Results
General data evaluation

In total, we included 98 studies (S2) with 474 pairwise
comparisons (experimental fields and farm compari-
sons) from 21 countries (Table 1). About 91 studies
originated from peer-reviewed scientific journals and 7
studies from the additional search. All of the studies met
the criteria mentioned above.

! [indicator value org] — [indicator value con] / [indicator value con] *
100
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Table 1 Overview of the studies obtained for flora and fauna
species groups (1990-2017)

Total Flora' Birds Insects® Spiders

Number of studies 98 45 18 46 18

Number of pairwise 474 147 57 214 56
comparisons

Coverage of continents 5 2 4 4 3

Coverage of countries 21 11 11 15 9

! Arable flora, seedbank, and field margin flora

2Flower—visiting insects (e.g., bees, hoverflies, butterflies) and
beetles

Effects of organic and conventional management
on flora and fauna diversity

In 58% of the studies analyzed, organic farming in-
creased flora and fauna species richness and abundance
(Table 2); for 63% of these pairs, significant values were
given. According to our classification, no differences
were found for 38% of the comparison pairs. In 6 studies
(17 pairs) out of 98, conventional management proved
more advantageous (4%).

Differences between organic and conventional farm-
ing for mean richness of flora and fauna species groups
are presented in Fig. 1 and Table 3. With regard to the
investigated flora species groups, the median of 78%
indicates clearly higher mean species richness through
organic farming (Table 3). For arable flora, the median
for the organic variants was even higher (95%), and only
one comparison pair indicated a negative influence of
organic farming in comparison to conventional farming.
In 7 studies with 11 pairs, the data for arable flora were
differentiated between the field edge and inside the field.
The median inside the field was higher (+304% for
organic farming) in comparison to the field edge at
94%. The organic variants showed higher species rich-
ness for seedbank (median 61%) as well as for field
margin flora (median 21%), and no negative effects
incurred through organic farming (Fig. 1, Table 3).
The results of the comparison of organic and conven-
tional variants with respect to the significances given in
the studies are also presented in Table 3. In total, 85% of
the pairs comparing flora species showed higher mean
richness in organic farming. With regard to arable flora,
86% showed a higher mean richness with 62% signifi-
cant results. Only one pair had higher species numbers
in conventional farming. For seedbank and field margin
flora, 83% and 71% of the pairs indicated positive
effects through organic farming.
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Table 2 Classification of organic and conventional farming according to richness and abundance (mean and total) for selected species

groups of flora and fauna (n = 98 studies, 474 pairs)

Species groups  Indicator Studies (n)  Pairwise comparisons (n)  Amount (%) and [pairwise comparisons (n)] with
Org + Org = Org -
Flora and fauna  Richness mean 70 208 63 [130/99%] 36 [75] 1[3/2%]
Richness total 29 58 62 [36/4%] 36 [21] 2 [1/0%]
Abundance mean 53 190 51 [97/69%] 42 [80] 7 [13/0%]
Abundance total 11 18 67 [12/0%] 33 [6] 0
All indicators 98 474 58 [275/172%] 38 [182] 4117/2%]

nnumber; * number of pairwise comparisons with significant values. If no significances are given, the results were classified based on a 20%
deviation of the individual pairs of the organic from the conventional variant. Richness and abundance are higher (Org +), lower (Org -) in

organic farming, or comparable to conventional farming (Org =)

The investigations of the fauna showed more diverse
results (Fig. 1, Table 3). Overall, the median for the
fauna species indicates 22% higher species richness in
organic farming (birds 35%, insects 22%, and spiders
15%). Extreme values were detected in particular for
insects. The classification showed that a total of 40% of
the fauna comparisons indicate a higher richness in
organic farming with 28% significant results (Table 3).
The positive effects were more obvious for birds and
insects than for spiders, although negative effects only
occurred for beetles. The total values for fauna are
influenced mainly by the group of insects which repre-
sent 70% of the pairwise comparisons.

Mean species abundance is illustrated in Fig. 2 only
for the fauna groups, as less than nine pairwise com-
parisons existed for the flora groups. Table 4 contains
all investigated groups. About 100% of the pairwise
comparisons for the flora and 47% for the fauna
displayed positive effects through organic farming

(Table 4). The median indicates 148% greater abun-
dance of plants (arable flora: 202%) and 40% greater
abundance of fauna individuals. All variants of the
organic system were positive for the flora species,
but it should be taken into account that only a few
studies were available for this indicator (Table 4). For
birds and bees, the median indicates higher mean
abundance (24% and 27%), and these values for spi-
ders, butterflies, and beetles showed a plus of more
than 50%. Similar to the indicator for mean richness,
extreme values for mean abundance were detected in
particular for insects. The proportion of pairs with no
differences according to the classification was clearly
larger in comparison to the flora.

Results concerning total richness and abundance are
given comprehensively in Table 2, because there were
fewer studies and comparison pairs for each species
group. Overall, the results followed the same trend as
for mean richness and abundance.

Fig. 1 Differences between -—
organic and conventional farming
for mean species richness of flora
and fauna (n = number of
pairwise comparisons). Positive
values indicate a higher species
richness in the organic variant
(con =0%). Extremes, arable
flora 757, 800; field margin flora
689; insects (total) 149 to 4880;
bees 149 to 592 percent
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Table 3 Comparative data of organic and conventional farming showing mean richness for selected species groups of flora and

aboveground fauna

Species groups Studies (n)  Pairwise Difference org vs. con (%) Amount (%) and
comparisons (n)  (mean richness org / [pairwise comparisons (n)] with
mean richness con (%) — 100)
Min Q1 Median Q3 Max Org+ Org = Org -
Arable flora 29 71 =27 51 95 193 800 86 [61/44*] 13 [9] 1 [1/0%]
interior 7 11 28 83 304 413 757 91 [10/6%] 9[1] 0
edge 7 11 12 43 94 181 318 91 [10/5%] 9[1] 0
Insect pollinated flora 4 8 10 41 212 409 1051 100 [8/8*] 0 0
Seedbank 5 12 27 55 61 70 33 83 [10/9%] 17 [2] 0
Field margin flora 8 14 1 10 21 46 689 71 [10/9%] 29 [4] 0
Flora 39 105 -27 45 78 175 1051 85[89/70%] 14 [15] 1[1/0%]
Birds 10 16 -9 17 35 66 85 69 [11/11%] 31 [5] 0
Insects (total) 30 72 -16 6 22 38 4830 40 [29/17*%] 57411 3[2/2%]
Bees 10 21 -14 11 30 42 592 43 [9/7%] 57121 0O
Butterflies 6 9 -1 9 18 33 36 44 14/2%] 56 [5] 0
Beetles 15 35 -16 4 19 38 100 40 [14/6%] 541191  6[2/2%]
Spiders 7 15 -8 0 15 30 79 7 [1/1%] 93[14] O
Fauna 40 103 -16 7 22 39 4880 40 [41/29%] 58 [60] 2 [2/2%]

n number; * number of pairwise comparisons with significant values. If no significances are given, the results were classified based on a 20%
deviation of the individual pairs of the organic from the conventional variant. Richness is higher (Org +), lower (Org -) in organic farming, or

comparable to conventional farming (Org =)

Discussion

The results show that organic farming clearly increased
species richness and abundance of selected taxa of flora
and aboveground fauna significantly. It confirms the
results of former authors of the beneficial effects of
organic farming on biodiversity (e.g., Tuck et al. 2014;
Mondelaers et al. 2009; Rahmann 2011; Bengtsson et al.
2005; Hole et al. 2005). Tuck et al. (2014) determined
an overall increase in species richness of about 30%. As
in our study, the effects differed between taxonomic
groups. The value for arthropods in their study corre-
sponds to our results for insects. The positive effects of
organic farming on birds and arable flora were more
pronounced in our investigation.

While organic farming is defined by national and
even broader regulations such as the European Union
standards (EC No 834/2007), no clear definition exists
for conventional farming. The legal framework for
organic farming offers essential preconditions for the
survival of many species that live wholly or partly on
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agricultural land. As a result, direct positive effects
(e.g., no use of synthetic pesticides) as well as indirect
positive effects on wild flora and fauna species and
their habitats can be assumed, e.g., the renunciation of
mineral nitrogen fertilizers, the limitation on brought-
in fodder and livestock units, the necessity of the
integration of legumes in the rotation, and pest control
using beneficial species. As a result of the limited
level of fertilization, a lower plant density occurs
which has beneficial effects on wild flora and fauna
(Thies et al. 2010). The integration of legume-grass-
leys offers good habitat conditions for birds as well as
insects (Stein-Bachinger and Fuchs 2012; Stein-
Bachinger et al. 2010).

Impacts on flora

In line with previous studies, arable plants benefited
most from organic farming (Tuck et al. 2014;
Rahmann 2011; Bengtsson et al. 2005; Hole et al.
2005). The effect can presumably be attributed mostly
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Fig. 2 Differences between organic and conventional farming for
mean abundance of fauna species groups (n =number of pairwise
comparisons). Positive values indicate a higher species abundance
in the organic variants (con = 0%). Extremes, insects (total) 370 to
38,200; bees 370, 603; spiders 343, 386 precent

to the fact that no herbicides are used. Further reasons
are the rotation practices and cultivation of own seeds
(Chamorro et al. 2016) as well as the lower productivity
of the crops (Shah et al. 2017; Thies et al. 2010) which

implies light stands favoring less competitive species
(Albrecht et al. 2016). As the intensification of conven-
tional farming led to dramatic losses in flora biodiversity
(Meyer et al. 2013), species under organic farming can
recover from the seedbank or from sites at field edges
(Chamorro et al. 2016). Nevertheless, this is not possible
when the seedbank is depleted after a long period of
intensive agriculture, which can be one reason for spe-
cies’ poor organic fields (Rotchés-Ribalta et al. 2015).
With regard to arable flora, only one comparison pair
displayed negative effects in mean species richness in
organic farming according to the 20% deviation
(Knudsen et al. 2017). In this study, one conventional
variant comprises very extensively cultivated fields with
low fertilization and without pesticides. Renouncing
pesticides does not generally correspond to common
conventional farming methods, although there is no
legal framework as mentioned above. Therefore, these
pairs could have been eliminated from the evaluation. In
line with Gabriel et al. (2010) and Batary et al. (2012),
the differences in plant diversity were much more pro-
nounced within the fields. This can be explained by the

Table 4 Comparative data of organic and conventional farming showing mean abundance for selected species groups of flora and

aboveground fauna

Species groups Studies (n)  Pairwise Difference org vs. con (%) Amount (%) and
comparisons (n)  (mean abundance org / [pairwise comparisons (n)] with
mean abundance con (%) — 100)
Min Q1 Median Q3  Max Org + Org = Org -
Arable flora 5 7 113 202 1954 100 [7/3%*]
Seedbank 2 6 103 162 245 100 [6/6%]
Field margin flora 1 2 29 34 39 100 [2/2%]
Flora 8 15 29 113 148 210 1954 100 [15/11*%] 0 0
Birds 11 20 -16 5 24 44 152 50 [10/10%] 50[10] O
Skylark 4 8 -10 1 75 132 284 50 [4/4%] 50 [4] 0
Insects (total) 33 113* —45 36 81 38,200 42 [48/28%] 46 [52] 12 [13/0%]
Bees 10 35 —44 27 43 603  37[13/7%] 51[18] 11 [4/0%]
Butterflies 6 15 —15 17 59 75 122 73 [11/4%] 27 [4] 0
Beetles 20 49° —40 15 60 93 296 43 [21/15%) 53[26] 4[2/0%]
Spiders 15 34 -28 31 55 108 386 59 [20/16%] 41[14] 0
Fauna 47 175% —45 7 40 86 38,200 47 [82/58%*] 46 [80] 7 [13/0%]

nnumber; * number of pairwise comparisons with significant values. If no significances are given, the results were classified based on a 20%
deviation of the individual pairs of the organic from the conventional variant. Abundance is higher (Org +), lower (Org -) in organic farming,

or comparable to conventional farming (Org =)

#Including three pairwise comparisons according to statistical remarks in Caro et al. (2016) for the classification
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fact that herbicide application usually affects the centers
more than the edges (Metcalfe et al. 2019; Batary et al.
2012; van Elsen 1989). Field edges can be safer sites for
weeds. As a consequence, Roschewitz et al. (2005)
found that the overall flora diversity in complex land-
scapes which include a large number of field edges can
be high even in conventional farming systems. Even
more than for the field edges, it is obvious that the
effects of cropping systems are lower on field margins
than on the fields themselves. But it is remarkable that
predominantly significant positive effects of organic
farming were found in these boundary structures, which
implies that conventional farming also has negative
effects on adjacent habitats in the landscape. Gabriel
et al. (2010) demonstrated this effect on a larger scale:
in landscapes with a high proportion of conventional
farming, biodiversity was lower on organic farms than
on organic farms situated in landscapes with a smaller
part of conventionally managed fields. The more pro-
nounced differences between organic and conventional
farming with regard to the interior of fields implicate
that the positive effect of organic farming is even larger
with respect to the whole landscape area than the inte-
grative consideration of all comparison pairs, because
the inner fields cover much more area in the landscape
than the field edges.

Impacts on fauna

The investigations on fauna species provide a more
diverse picture. A higher number of the pairwise com-
parisons showed no differences in species richness and
abundance between the farming systems and negative
effects of organic farming. One reason could be that
animals in general have a higher operating radius and
can react more flexibly to changes in land use than
plants. Moreover, many species of birds, insects, and
spiders use cultivated fields only occasionally as a part
of their habitat and depend greatly on the number and
quality of landscape elements (Tuck et al. 2014;
Wingvist et al. 2012; Gabriel et al. 2010; Tscharntke
et al. 2005). Batary et al. (2010) found hedge length to
be more significant for bird species richness than organ-
ic farming. Birds, such as the yellow wagtail (Motacilla
flava), search for fodder for fledglings up to 1000 m
away from their nests (Stidbeck 2005). Therefore, they
can breed on arable fields and simultaneously compen-
sate the low food reserves on the fields by using adjacent
habitats like field margins or grassland. In some
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investigations, these aspects are considered by including
landscape structures in the evaluation or by choosing
pairs in similar landscapes (e.g., Batary et al. 2010; Gabriel
et al. 2010). Nevertheless, Gabriel et al. (2010) explain the
reasons for the variation in bird population in organic and
conventional farming through differences in the landscape
structures. In line with Holzschuh et al. (2007) and
Roschewitz et al. (2005), they suggest that typical conven-
tional farms would be larger and less mixed and that they
might have also excluded the most intensive arable land-
scapes with even lower biodiversity levels. The pro-
nounced extreme values for insects could be attributed to
the overall high variation in population sizes, which com-
plicates standardized comparison studies. Moreover, asyn-
chronous fluctuations of insects in different investigation
areas could strongly influence the results.

Implications for policy/management

Our review suggests that organic farming can be an
effective management system to support biodiversity
in agricultural landscapes and should be better promot-
ed. Another important strategy is to combine the posi-
tive effects of organic farming with an adequate number
of high quality landscape structures. For example,
flower-visiting insects like solitary bees and bumble
bees benefit from the rich flower resources in organic
fields, but they also need nesting sites, e.g., on fallow
strips or field margins. A combination of these habitats
can largely enhance the species richness and density of
these insects (Holzschuh et al. 2008). Likewise, field
birds such as the linnet or yellowhammer are supported
by the larger supply of seeds and insects in organic fields
yet need hedges as breeding sites (Smith et al. 2010).
Consequently, the maximum species richness can be
achieved on organic farmland in richly structured land-
scapes (Batary et al. 2017; Gabriel et al. 2010).

It can be assumed that the relationship between bio-
diversity and ecosystem services is not linear, as higher
biodiversity does not necessarily lead to more ecosys-
tem services being either produced or used (Tscharntke
et al. 2005). However, it is possible to assume that
higher levels of biodiversity strengthen the stability
and resilience of ecosystems and of farming systems,
respectively, and help to ensure the availability of eco-
system services (Di Falco 2012; Firbank 2005). Conse-
quently, several ecosystem services can only be wholly
or partly provided below a critical threshold value.
Habel et al. (2019) and Gabriel et al. (2010) underline
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the urgent need for more biodiversity-friendly cultiva-
tion methods. As certain species cannot be protected by
common farming operations but depend on land use,
optimization strategies are necessary. In the last decade,
many options of improving organic farming for biodi-
versity purposes have been investigated concentrating
on selected fields or parts of fields with a high potential
for special conservation goals, while most of the farm
area can continue to be managed according to standard
practice (Gottwald and Stein-Bachinger 2018; Stein-
Bachinger and Fuchs 2012).

As heterogeneity in the landscape is a key factor
influencing a large number of species, it is necessary
to integrate a whole range of scientifically sound but
also economically viable nature conservation measures
into the farm business on a broader scale, including
adjacent habitats on a landscape level. Above all, one
important issue that needs to be taken into consideration
is that organic farming can simultaneously reduce a
number of environmental problems and, consequently,
these aggregated positive impacts should also play an
important role when evaluating organic farming
(Sanders and Hess 2019, eds.).

One huge challenge will be the development and
testing of new management concepts to increase the
overall efficiency of the whole system, e.g., the optimi-
zation of yields and reduction in greenhouse gas emis-
sions in relation to nutrient input and biodiversity issues.
In this way, quantifying the precise benefits delivered by
organic farming is essential and thus makes a significant
contribution to solving current environmental and re-
source policy challenges. The task for politicians will be
to implement a reward system that offers incentives for
environmental achievements that are demanded by the
society so that farmers do not only envisage themselves
as producers of food but also as service providers for the
biotic and esthetic functions of landscape.

Implications for research

We conclude that even more strict selection criteria are
necessary concerning system representativeness in fu-
ture reviews and meta-analyses to adequately reflect the
different management systems. Some farms classified as
“conventional” in the studies practice traditional and
extensive farming with very low or zero fertilization and
chemical pest control. This can be one reason for the
positive effects of conventional farming in the compar-
ative studies. The effects of organic farming also depend

on the isolation of the managed fields. Investigations
which take place on isolated fields, or farms with inten-
sive farming in the surrounding area, cannot reflect the
full potential of organic farming as these fields or farms
can be considered to be habitat islands with lower spe-
cies diversity (Kruess and Tscharntke 2000). This also
leads to the question whether species diversity will be
much more enhanced if organic farming is practiced on
larger, continuous areas on a landscape scale.

Many studies compare organic and conventional
farming based on single crops (mainly winter
wheat) for reasons of homogenous study design.
Nevertheless, in this way, the positive effects of
organic farming relating, e.g., to higher crop di-
versity and the higher amount of legume-grass
mixtures in the rotation cannot be detected. Thus
the impacts and interactions need to be addressed
not only for single measures or crops on a small
number of fields but on the whole farm and land-
scape level. In addition, it would also be percep-
tive to investigate the influence of other factors
such as the crop type and tillage system, the
duration of organic management, the required
number of landscape elements in the surrounding
landscape, and the intensities of cropping systems
in future research. Moreover, our systematic re-
view identified only a few relevant studies for
special species which means that more studies are
necessary to enlarge the evidence base.
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