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Abstract
Agricultural intensification is one of the greatest threats to soil biota and function. In contrast, set-aside 
still remains a management practice in certain agri-environmental schemes. In Hungary, the establish-
ment of sown set-aside fields is a requirement of agri-environmental schemes in High Nature Value Areas. 
We tested the effects of set-aside management on soil biota (bacteria, microarthropods, woodlice and 
millipedes), soil properties and organic matter decomposition after an initial establishment period of two 
years. Cereal – set-aside field pairs, semi-natural grasslands and cereal fields were sampled in the Heves 
Plain High Nature Value Area in Eastern Hungary, in May 2014. Topsoil samples were taken from each 
site for physical, chemical, microbial analyses and for extraction of soil microarthropods. Macrodecom-
posers were sampled by pitfall traps for two weeks. The biological quality of soil was estimated by the 
integrated QBS index (‘‘Qualità Biologica del Suolo’’, meaning ‘‘Biological Quality of Soil’’) based on 
diversity of soil microarthropods. To follow early stage organic matter decomposition, we used tea bags 
filled with a site-independent, universal plant material (Aspalathus linearis, average mass 1.26 ± 0.03 
g). Tea bags were retrieved after 1 month to estimate the rate of mass loss. We found significant differ-
ences between habitat types regarding several soil physical and chemical parameters (soil pH, K and Na 
content). The study showed positive effects of set-aside management on soil biodiversity, especially for 
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microarthropods and isopods. However, we did not experience similar trends in relation to soil bacteria 
and millipedes. There was higher intensity of organic matter decomposition in soils of set-aside fields and 
semi-natural grasslands (remaining mass on average: 74.17% and 76.6%, respectively) compared to cereal 
fields (average remaining mass: 81.3%). Out of the biotic components, only the biological quality of soil 
significantly influenced (even if marginally) plant tissue decomposition. Our results highlight the impor-
tance of set-aside fields as shelter habitats for soil biota, especially for arthropods. Set-aside fields that are 
out of a crop rotation for 2 years could be a valuable option for maintaining soil biodiversity, as these fields 
may simultaneously conserve elements of above- and below-ground diversity.
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Introduction

The European Union (EU) is one of the most intensive agricultural regions per unit 
of surface area in the world (Monfreda et al. 2008). Agriculture is a dominant form of 
land management in Europe, with 40% of the total land area of the EU 28 used for 
crop production and for grasslands (European Commission 2013).

Agroecosystems and agricultural landscapes provide important soil related ecosys-
tem services, i.e. the maintenance of soil fertility and structural properties, filtering and 
providing reservoir for water, nutrient cycling and climate regulation (Dominati et al. 
2010). Production and maintenance of healthy soils in agricultural areas are therefore key 
elements in the development of sustainable agriculture. The importance of soil commu-
nities (microbiota, meso- and macrofauna) contributing to a very diverse range of bio-
chemical and biophysical processes has long been recognised (Barrios 2007). However, 
the decomposer subsystem and soil related ecosystem services are still poorly understood 
(Bardgett and Wardle 2010). Several studies have demonstrated the importance of soil 
fauna in the maintenance of soil fertility (e.g. Brussaard et al. 2007). Soil microarthro-
pods [springtails (Collembola), mites (Acari), proturans (Protura), diplurans (Diplura), 
pauropods (Pauropoda), symphylans (Symphyla) etc.] millipedes (Diplopoda) and ter-
restrial isopods (Isopoda: Oniscidea) have essential roles in litter decomposition, nutrient 
mineralisation and the improvement of soil properties (Culliney 2013). In addition to 
earthworms, these organisms are responsible for the first steps in the decomposition pro-
cesses by fragmentation and inoculation of dead plant material (Lavelle and Spain 2001). 
They promote litter breakdown through their feeding and burrowing activities that sup-
port microbial decomposition (Lavelle and Spain 2001). Given their importance in nu-
trient cycling, the lack of knowledge on how agricultural practices affect these taxa and 
their functions is striking. The soil biological activity that can be measured e.g. by litter 
decomposition rate, depends largely on the diversity of soil organisms (Hӓttenschwiler et 
al. 2005) and is the result of complex interactions (Scheu 2002).

Numerous studies have shown that agricultural intensification represents a major 
threat to soil biodiversity and to the provision of ecosystem services (e.g. Altieri 1999). 
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Local land use, microclimate, pH, landscape diversity and habitat structure influ-
ence the species richness and abundance of soil detritivores (Hopkin and Read 1992, 
Hopkin 1997, Warburg 1987). Plant species richness and plant community structure 
greatly affect the above-ground microclimate which has indirect effects on soil biota 
and on decomposition dynamics of substrates through their chemistry, physiology, 
rhizodeposition and the quantity, quality and diversity of litter (Dudgeon et al. 1990, 
Smith and Bradford 2003, Hӓttenschwiler et al. 2005, Tripathi et al. 2013).

The establishment of semi-natural habitats (grassy strips, sown or naturally regen-
erated set-aside fields, hedgerows, treelines etc.) in agricultural landscapes is a com-
mon practice to enrich habitat diversity or to connect isolated habitats (e.g. Critchley 
et al. 2004, Smith et al. 2008, Kovács-Hostyánszki et al. 2011, Morris et al. 2011). 
These green patches in arable landscapes support high biodiversity and provide suit-
able environmental conditions for several plant and animal species (Altieri 1999, 
Kovács-Hostyánszki et al. 2011, Tóth et al. 2016). The presence of set-aside fields 
contributes to a productive and ecologically balanced soil environment through im-
proving soil properties necessary for plant health (activation of soil biology, addition 
of organic matter, N fixation, microclimate modification etc.). Moreover, these habi-
tats may have important impacts on the adjacent cropping systems through spillover 
(e.g. Blitzer et al. 2012).

European agricultural policy has long relied on agri-environmental schemes (AES) 
to alleviate the negative environmental impacts of agricultural intensification (Batáry 
et al. 2015). The first set-aside scheme was introduced by the EU in 1988 to reduce 
of production surplus. However, despite the positive environmental effects, set-aside 
management was abolished in most EU countries because of increasing production 
demands (Rowe et al. 2009). In countries where set-aside still remains a management 
practice, it serves as an essential component of agri-environment schemes (Batáry et al. 
2015). However, the effectiveness of such measures on soil biodiversity and function 
is still questionable.

Insight in conservation management in Central and Eastern European countries 
could be particularly valuable, as their agrobiodiversity is still high compared to West-
ern Europe (Báldi et al. 2013). In Hungary, rotational set-aside management has been 
present as part of the national agri-environment scheme since 2002 (Ángyán et al. 
2003). The maximum period of setting aside a given arable field is three years. Set-aside 
fields are generally sown with a seed mixture of grass and leguminous species (Ángyán 
et al. 2003).

The present study aimed to test the following hypotheses:

(i)	 set-aside management has profound effects on soil physical and chemical properties,
(ii)	 set-aside fields and semi-natural grasslands provide more favourable conditions 

for studied soil organisms compared to cereal fields,
(iii)	 plant tissue decomposition is higher in set-aside fields and semi-natural grasslands
(iv)	 decomposition rate is positively correlated with measures of soil biodiversity.



Zsolt Tóth et al.  /  Nature Conservation 29: 1–26 (2018)4

Methods

Study site

The study was conducted in the region of North-eastern Hungary (Heves County) in 
2014 (see map in Suppl. material 5). About 72% of the land was under agricultural 
management (ca. 60% arable and 12% grasslands) (Bükk National Park 2018). The 
study area can be characterised by a continental climate with extreme high tempera-
ture and low precipitation in summer. The study sites belong to the Heves Plain High 
Nature Value Area (HHNVA), which was established in the framework of the zonal 
action schemes of the National Agri-Environmental Programme in 2002 and covers 
around 40 000 hectares (Ángyán et al. 2003). The grasslands were extensively mown or 
grazed, mainly by cattle and sheep and no chemicals were applied. The most dominant 
species were Kentucky bluegrass (Poa pratensis), Pseudovina (Festuca pseudovina) and 
meadow foxtail (Alopecurus pratensis). Establishment of set-aside fields was part of the 
arable farming action plan. The main crops were cereals, sunflower and oilseed rape. 
Farmers’ fields had to be managed by regular crop rotation during the 5-year long 
contract period: cereal 20–25%, alfalfa 20–30%, oilseed rape and other crops (pea, 
sunflower, corn etc.) 25–30%, set-aside 20–25%. Fields could be taken out of produc-
tion for 1–3 years. The set-aside fields were sown with a three component seed mixture 
comprised of two parts grass (e.g. Festuca pratensis, Festuca arundinacea, Poa pratensis, 
Dactilys glomerata) and one part leguminous species (usually Medicago sativa) after the 
last harvest, in the autumn. Vegetation was mown once a year, after the 15th of June, 
leaving the cut vegetation on site.

Study design

Within the study area, two-year-old set-aside fields (Sa) were chosen, each with an 
adjacent cereal field (CSa) with seven replicates (Figure 1). Six semi-natural grasslands 
(G) and six cereal fields without set-asides (C) were also assigned as controls for com-
parisons. All cereal fields involved in the study were managed similarly, fertilised with 
about 90 kg nitrogen/ha/year and sown with winter wheat (Triticum aestivum) and, 
in one case, barley (Hordeum vulgare). Grasslands were managed extensively, without 
fertiliser application and grazed or mown once per year. The mean area (± SE) of the 
study sites was 30.21 ± 3.93 ha. The paired set-aside and cereal fields were of similar 
size and relief (difference in the field area within pairs: mean ± SE 8.14 ± 1.85 ha).

Soil sampling and analyses

Soil was sampled randomly by taking five soil cores from 0–15 cm depth in May 
2014. Before soil analyses, soil cores corresponding to each site were pooled to obtain a 
composite sample. Physical and chemical analyses of soils were carried out on air-dried 



Effects of set-aside management on certain elements of soil biota... 5

Figure 1. The main habitat types investigated in the Heves Plain High Nature Value Area, Hungary 
(a 2-year-old set-aside field b cereal field and c–d semi-natural grassland with a typical plant species, 
Limonium gmelinii).

samples from which crop residues, root fragments and rocks larger than 2 mm had 
been removed (MSZ 21470-2 1981). Soil plasticity, determined by the heaviness in-
dex according to Arany (KA), concluded the soil physical condition and texture (MSZ 
08-0205 1978). Soil pH was measured in 1 M KCl suspensions for 12 h after mixing 
(MSZ 08-0206-2 1978). Soil organic matter (SOM%) was determined using MSZ 
(Hungarian Standard) 08-0452 (1980). Total nitrite-nitrate nitrogen (NO2-NO3 N) 
was measured using a modified Kjeldahl method (MSZ 20135 1999). Plant-available 
phosphorus (P), potassium (K), sodium (Na) and magnesium (Mg) concentrations 
were extracted using AL (ammonium-lactate) (MSZ 20135 1999) and measured using 
inductively coupled plasma-atomic emission spectrometry (ICP-Thermo Jarrell Ash 
ICAP 61E). The total water soluble salt content was determined by MSZ (Hungarian 
Standard) 08-0206-2 (1978).

Microbial analyses: soil bacteria

To determine the effects of set-aside management on the bacterial community struc-
ture, composite soil samples were taken from each field in May 2014. Soil sampling 
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locations (five subsamples per field) were randomly chosen from the upper surface 
(0–5 cm). DNA was isolated from samples with NucleoSpin Soil kit (Macherey-Nagel, 
Düren, Germany). The quality of nucleic acids was assessed with 1% agarose gel elec-
trophoresis stained with ethidium bromide. Nucleic acid quantification was under-
taken with a Qubit 2.0 Fluorometer (Thermo Fischer Scientific, Waltham, MA, USA) 
throughout the study.

For bacterial community fingerprinting with the terminal restriction fragment 
length polymorphism (T-RFLP) method, 16S rDNA fragments were amplified with 
a 5’ VIC-labelled 27F primer (VIC-5’-AGAGTTTGATCMTGGCTCAG-3’) and 
a 518R primer (5’-ATTACCGCGGCTGCTGG-3’). Polymerase chain reactions 
(PCRs) were undertaken with 5 µl of DreamTaq PCR buffer, 0.3 µM of each primer, 
0.2 mM of each dNTP, 30 ng DNA sample, 1 U DreamTaq DNA Polymerase (Ther-
mo Fischer Scientific) and nuclease-free water up to the final reaction volume of 50 
µl. Amplification conditions were as follows: 95 °C for 3 minutes, then 32 cycles of 
94 °C for 30 s, 52 °C for 30 s and 72 °C for 30 s, then a final extension at 72 °C for 
7 minutes. To obtain molecular fingerprints after the amplification, 16S rDNA am-
plicons were digested with the restriction enzyme, AluI (AG↓CT) (Thermo Fischer 
Scientific) as described by Révész et al. (2006). Fragments were separated on a Model 
3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA), whereas primary 
evaluation of electropherograms was carried out with GeneMapper 4.0 software (Ap-
plied Biosystems). T-RF peaks with a peak height below 100 relative fluorescence units 
or with a peak abundance contribution below 1% were excluded from further analysis. 
For consensus T-RFLP profiles, duplicate electropherograms from each sample were 
aligned with each other by the T-Align programme (Smith et al. 2005) with a 0.5 bp 
confidence interval. Subsequently, the consensus profiles were aligned with T-Align 
programme for all samples; this step helps to eliminate background noise and to sepa-
rate T-RFs properly that differ in one to two bases only in terms of their length. In the 
resulting data matrix, relative peak area ratio was calculated by dividing each individual 
T-RF peak area by the total peak area of each profile. Subsequently, this matrix was 
used for statistical analysis of the T-RFLP data.

Microarthropods sampling and QBS index

Soil microarthropods were collected by taking undisturbed soil cores (8 cm in diam-
eter, 400 cm3, six per plot) to a depth of 15 cm at 0, 10 and 20 m from the field edge 
along a transect. In semi-natural grasslands, soil samples were taken at a distance of 10 
m from each other and 2–300 m from the field edge.

Soil fauna was extracted using the Berlese-Tullgren funnel method. During a 12-
day extraction period, microarthropods were collected and stored in vials containing 
70% ethanol. All animals were counted under a dissecting microscope. Then they were 
classified into taxonomic groups and the QBS index (‘‘Qualità Biologica del Suolo’’, 
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meaning ‘‘Biological Quality of Soil’’) was calculated according to Parisi et al. (2005). 
This is an integrated soil biological quality index based on eco-morphological types of 
edaphic microarthropods. The QBS index is the sum of the EMI (eco-morphological 
index) scores that increases with the degree of microarthropods’ adaptation to soil 
environment (Parisi et al. 2005). Its concept is that high soil quality is associated with 
the number of microarthropod groups well-adapted to soil habitat. The strength of this 
indicator is its sensitivity to land use change and to short term variations in manage-
ment practices. However, it is less sensitive to large variations in some soil parameters, 
such as SOM (Parisi et al. 2005).

Macrodetritivore sampling: Diplopoda and Isopoda

Macrodecomposers were sampled by pitfall traps for two weeks in May 2014. Traps were 
set along a 20 m transect 0, 5, 10 and 20 m from the field edge. In semi-natural grass-
lands, traps were placed at a distance of 10 m from each other and 2–300 m from the 
field edge. We applied funnel traps filled with ethylene glycol. They were sunk directly 
into the soil and covered with plastic roofs to shield from rain. Pitfall traps were returned 
to the laboratory and, after sorting for subsequent species identification, the samples were 
preserved in 70% ethanol. Millipedes (Diplopoda) and isopods (Isopoda: Oniscidea) 
were identified to species level. For identification of millipedes, the keys of Schubart 
(1934) and Korsós (2015) and for isopods, the key of Gruner (1966) were used.

Plant tissue decomposition: tea bag method

To follow microbial degradation of organic matter, the novel litter quality independ-
ent tea bag method was used (Keuskamp et al. 2013). In each plot, four pyramid-
shaped, synthetic tea bags (mesh size: 280–300 µm) filled with rooibos (Aspalathus 
linearis; 1.26 ± 0.03 g) were placed at 3–5 cm depth under the soil surface in May 
2014. A total of 104 tea bags were buried (four bags per plot × 26 plots). For further 
information about the tea and chemical descriptions, see Keuskamp et al. (2013). Be-
fore field application, tea bags were prepared by the protocol developed in the GLU-
SEEN project (http://www.gluseen.org/protocols/preparing-teabags/) to eliminate 
water soluble materials (e.g. simple sugars and phenols). This is important in order to 
exclude abiotic mass loss from precipitation-induced leaching. Tea bags were retrieved 
after 1 month. After gently removing adhered soil from the outside of tea bags in 
the laboratory, they were soaked under tap water to eliminate soil particles that had 
passed through the mesh. All samples were air dried at room temperature and then 
in a climate cabin at 36 °C until they reached a constant weight. Dried samples were 
used to measure changes in the mass of organic matter through time and to estimate 
the rate of decomposition.
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Statistical analyses

All statistical analyses were performed in R 3.3.1 (R Development Core Team 2016), 
using the R packages ‘lme4’ (Bates et al. 2015), ‘mvabund’ (Wang et al. 2012) and 
‘vegan’ (Oksanen et al. 2017). Non-metric multidimensional scaling (NMDS) was 
carried out with the software PAST 3.10 (Hammer et al. 2001).

Outliers were identified and removed prior to data analysis. After fitting the full 
models for each dependent variable, we used Akaike Information Criterion (AIC) to 
select the most parsimonious model. The lack of spatial independence of the paired set-
aside and cereal fields was treated by application of a random factor (‘location’). Since 
there was significant intercorrelation between soil characteristics and habitat type, their 
effects were tested in separate models. Assumptions of normality and homoscedasticity 
of the residuals were verified visually using diagnostic plots. Statistical significance was 
determined at the level: α = 0.05.

Soil physical and chemical properties

The effects of land use on soil physical and chemical properties were tested by linear 
mixed-effects model (LMM), with ‘habitat type’ as explanatory variable and ‘location’ 
as random factor.

Soil bacteria

Alpha diversity metrics (Shannon diversity [H'] and Evenness [J'] indices based on 
T-RFLP abundance data) were calculated to estimate the diversity of bacterial com-
munities. We used LMMs to determine the effects of habitat type, soil physical and 
chemical properties on bacterial alpha diversity. A PERMANOVA (Bray-Curtis index, 
permutation = 999) was conducted to assess differences in the bacterial communities 
by habitat type.

Soil arthropods

To characterise soil arthropod communities, QBS index, species richness (number of 
species in the sample) and abundance (number of individuals in the sample) were used. 
The LMMs were used to examine the effects of abiotic soil properties and habitat type 
on faunal richness and abundance. The influence of abiotic soil properties and habitat 
types on the species composition of isopod and millipede assemblages was tested by 
generalised linear mixed models (GLMMs) with the multivariate approach. As our 
data showed a negative binomial distribution, we thus used the ‘manyglm’ method 
(family = negative binomial). Then we conducted NMDS ordinations using the Bray-
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Curtis dissimilarity index to visualise patterns of species composition of macrodetri-
tivore assemblages. In the latter case, species with low relative abundance (Trachelipus 
nodulosus: 0.43%, Porcellionides pruinosus: 0.58%) were excluded from the analysis.

Plant tissue decomposition

Rates of decomposition were estimated with a single exponential decay model (Olson 1963):

Mt / M0 = e−kt, (1)

where M0 is the initial dry mass, Mt is the residual dry mass at time t and k is the 
decay constant.

The effects of habitat type and abiotic soil properties were tested by a LMM.

Soil biodiversity – plant tissue decomposition linkage

A soil biodiversity index was calculated from the average of all standardised soil com-
munity characteristics (bacterial diversity, QBS index, macrofauna species richness and 
abundance) and used as a general indicator (Wagg et al. 2014). To reveal the relation-
ship between soil biodiversity (and its biotic components) and the decomposition rate 
of plant residue, LMMs were also used.

Results

Soil physical and chemical properties

We experienced significant differences in soil pH, K2O and sodium (Na) content 
amongst habitat types. Soil pH ranged from 4.42 to 6.86 in the different habitat types. 
It had the lowest value in semi-natural grasslands (G) followed by set-aside (Sa) and 
cereal fields (C and CSa) (Table 1). Soil K2O was significantly higher in cereal fields 
(C and CSa) compared to set-aside fields and semi-natural grasslands. Moreover, there 
were significant differences in soil sodium content between grasslands and other habi-
tat types (Table 1).

Soil biota

Soil bacteria
The Shannon and Evennes indices showed relatively high variability amongst habitat 
types, with values ranging from 1.37 to 3.03 and from 0.28 to 0.71, respectively. Only 
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Table 1. Basic properties of soil samples taken from the 0–15 cm depth (mean ± SE). Letters indicate 
significant differences amongst the means at p < 0.05. Abbreviations – SOM: soil organic matter, C: cereal 
fields, CSa: cereal fields adjacent to set-asides, Sa: set-aside fields, G: semi-natural grasslands.

Habitat types

C CSa Sa G

pH 6.09±0.22 (a) 5.54±0.22 (ab) 5.29±0.20 (bc) 4.92±0.13 (c)

KA 44.83±1.23 (a) 47.14±2.77 (a) 43.57±0.94 (a) 47.17±1.44 (a)

Salt (m/m %) 0.04±0.01 (a) 0.03±0.00 (a) 0.04±0.01 (a) 0.05±0.01 (a)

CaCO3 (m/m %) 0.32±0.29 (a) 0.19±0.17 (a) 0 (a) 0 (a)

SOM (m/m %) 3.57±0.43 (a) 3.29±0.21 (a) 3.52±0.28 (a) 4.02±0.29 (a)

NO2-NO3 N (mg kg-1) 13.04±6.67 (a) 7.88±1.04 (a) 23.27±5.39 (a) 35.67±16.49 (a)

P2O5 (mg kg-1) 300±57.79 (a) 165.71±23.61 (a) 136.86±43.21 (a) 233.75±119.06 (a)

K2O (mg kg-1) 682±99.12 (a) 677.14±71.93 (a) 461±65.2 (b) 378±32.76 (b)

Na (mg kg-1) 182.92±66.35 (b) 97.37±13.77 (b) 72.14±13.35 (b) 500.5±96.61 (a)

Mg (mg kg-1) 565.33±81.85 (a) 542.14±70.63 (a) 605.57±68.48 (a) 775.17±118.34 (a)

SO4-S (mg kg-1) 41.5±6.64 (a) 38.79±4.36 (a) 42.39±4.40 (a) 58.2±7.84 (a)

Table 2. Effects of habitat type and soil physicochemical properties on microarthropods and macrodetri-
tivores. CaCO3 and Mg variables are not included in the table, since they had significant effects on none of 
the dependent variables. Abbreviations – QBS: soil biological quality index, SR: species richness, SOM%: 
soil organic matter %, KA: soil plasticity index according to Arany; +: positive effect, −: negative effect, NS: 
not significant, ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, ˙: p ≤ 0.1

Microarthropods Macrodetritivores

Isopoda Diplopoda

diversity 
(QBS) abundance composition diversity 

(SR) abundance diversity 
(SR) abundance composition

habitat ** * NS * ** NS * **
pH − *** + *** NS − * NS NS NS NS
SOM % + * NS ˙ NS NS NS NS NS
KA + ** NS NS NS NS NS NS *
salt NS − *** NS NS NS NS NS ˙

K2O NS − *** NS NS − ˙ NS NS NS
NO2-NO3 N NS + *** NS NS − * NS NS NS
SO4-S + ** NS NS NS NS NS NS NS
Na − * − ** NS NS NS NS NS NS

Evennes index was significantly influenced by the studied environmental variables: it 
decreased with the SOM% (t = -2.47, p = 0.05), whereas increased with soil Na con-
tent (t = 3.28, p = 0.022) (Table 2). In this study, habitat type did not significantly 
affect bacterial alpha diversity (see Table 2) and community composition (FPERMANOVA 
= 1.2951, p = 0.122).
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Soil microarthropods
In total, 14385 specimens belonging to 19 taxa of microarthropods were sampled 
(Suppl. materials 1–2). The QBS index varied from 29 to 128 and showed significant 
differences amongst habitat types (Table 2, Suppl. materials 1–2). The highest val-
ues were found in semi-natural grasslands, while cereal fields without set-asides were 
characterised by the lowest QBS (Figure 2). Abundance of microarthropods was sig-
nificantly affected by habitat type: it was the highest in set-aside fields compared to 
the other habitats (Figure 2). Nevertheless, all samples were dominated by mites, par-
ticularly oribatids (70.38% of the total microarthropods collected). Soil pH and Na 
content had negative, while soil plasticity and SO4-S content had positive effects on the 
QBS index. There was a positive relationship between soil pH, NO2-NO3 N content 
and abundance of microarthropods. We found that the number of microarthropods 
decreased with total soluble salt concentration and with the amount of soil K2O and 
Na (Table 2).

Soil macrodetritivores
In total, 1391 individuals of 8 macrodecomposer species were identified from sam-
ples collected by the pitfall traps, including 783 individuals of four isopod species 
(Armadillidium vulgare, Latreille, 1804; Porcellionides pruinosus, Brandt, 1833; Tra-
chelipus rathkii, Brandt, 1833; Trachelipus nodulosus, C. Koch, 1838) and 608 in-
dividuals of four millipede species (Brachydesmus superus, Latzel, 1884; Brachyiulus 
bagnalli, Brölemann, 1924; Iulus terrestris, Linnaeus, 1758; Megaphyllum unilinea-
tum, C. Koch, 1838) (Suppl. materials 3–4). The most abundant species were Arma-
dillidium vulgare (89.27%) and Iulus terrestris (59.38%) from isopod and millipede 
species respectively. The total abundance of the studied macrodecomposers was high-
est in semi-natural grasslands, with 645 individuals of isopods and 379 individuals of 
millipedes. The lowest abundance of detritivores was recorded within cereal fields for 
isopods (4 individuals of total) and cereal fields adjacent to set-asides for millipedes 
(30 individuals of total). In total, 98 isopod and 37 millipede specimens were col-
lected in set-aside fields.

In the present study, species richness was significantly affected by the studied en-
vironmental variables only in the case of isopods. We experienced significant effects 
of habitat type and soil pH on isopod species number increasing with soil acidity (z = 
-2.236, p = 0.022) (Table 2). Semi-natural grasslands were characterised by the highest 
species richness, while cereal fields without set-asides proved to be the most species-
poor habitats (Figure 2). There were significant differences in abundance of iso- and 
diplopods amongst habitat types. Isopod individual numbers were the highest in semi-
natural grasslands and the lowest in cereal fields without set-asides, respectively. By 
contrast, millipedes were the most abundant in the latter habitats (Figure 2). Soil K2O 
and N had negative effects on the abundance of woodlice (Table 2).

Species composition of iso- and diplopod assemblages was affected by habitat type, 
salt concentration and soil plasticity (Table 2, Figure 3). Brachyiulus bagnalli mostly 
occurred in cereal fields (Dev = 19.903, p = 0.009), while A. vulgare preferred semi-
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Figure 2. Diversity (expressed in species richness and QBS index) and abundance of microarthropods 
(A–B), isopods (C–D) and millipedes (E–F) in different habitat types. Error bars represent means 
and SE. Please note the different scaling for the Y axes. Letters indicate significant differences amongst 
the means. Abbreviations – C: cereal fields, CSa: cereal fields adjacent to set-asides, Sa: set-aside fields, 
G: semi-natural grasslands.
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Figure 3. NDMS plot on species composition of macrodecomposer assemblages as related to habitat 
types. See Figure 2 for abbreviations.

natural grasslands characterised by soils with high salt concentration (Dev = 10.426, 
p = 0.03). Brachydesmus superus was observed in sites with higher soil plasticity index 
(Dev = 15.422, p = 0.008).

Plant tissue decomposition and its relationship with soil biodiversity

On average, 22.41% of organic matter was decayed during a month. Mass loss was 
significantly different between habitat types (F = 10.8618, p < 0.001). We experienced 
the highest decomposition in set-asides (remaining mass: 74.17%, on average) while 
the lowest in cereal fields (remaining mass: 81.3%, on average). The decomposition 
rate was negatively influenced by SOM content (F= 12.3966, p= 0.002). However, soil 
pH had positive effects on the intensity of mass loss (F = 5.3119, p = 0.033). Organic 
matter decomposition did not change with soil biodiversity (t = 1.2589, p = 0.255). 
Nevertheless, we found marginally significant QBS index – decay rate relationship (t = 
2.1076, p = 0.08) (Figure 4).
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Figure 4. The relationship between decomposition rate of organic matter (g day-1) and biological quality 
of soils (expressed in QBS index) based on the linear mixed-effects model. See Figure 2 for abbreviations.

Discussion

Soil physical and chemical properties

The general consensus in literature is that agricultural practices, particularly soil culti-
vation and manuring, can lead to drastic changes in soil physical and chemical prop-
erties (e.g. Bronick and Lal 2005, De Paul Obade and Lal 2014). Consistent with 
our first hypothesis, we found significant differences amongst habitat types in case of 
soil pH, K2O and Na content, confirming the close relationships between agricultural 
management and abiotic soil conditions. The significantly lower soil pH in cereal fields 
compared to semi-natural grasslands and set-asides is probably due to previous soil cor-
rection by liming practice, while the relatively high K2O content of soil experienced in 
former habitats could be the result of fertilisation. The extremely high amount of Na 
in soils of semi-natural grasslands is probably due to the nature of the typical saline soil 
type in the region (Stefanovits et al. 1999).



Effects of set-aside management on certain elements of soil biota... 15

Soil biota

Soil bacteria
Contrary to our expectations, we found no significant differences amongst habitat 
types regarding bacterial alpha diversity and community composition. The majority of 
studies showed that microbial species richness increases both with plant diversity and 
reduction of anthropogenic disturbances (e.g. Swift et al. 1996), which mainly char-
acterises set-aside fields and semi-natural grasslands. In addition to vegetation charac-
teristics, soil type and land use are of particular importance in influencing microbial 
diversity (e.g. Garbeva et al. 2004a,b). Most of the cases (84%), reviewed by Allison 
and Martiny (2008), reported the sensitivity of microbial communities to N, P, K 
fertilisation. O’Brien et al. (2016) experienced higher microbial α diversity in fertilised 
fields. However, there are also contrary experiences (in accordance with our results): 
several previous reports did not reveal a correlation between plant species richness and 
bacterial diversity, emphasising rather the importance of soil properties (e.g. Fierer and 
Jackson 2006, Zul et al. 2007). In addition, agricultural treatments such as fertilisa-
tion, have no consistent effects on the diversity of bacterial communities as evidenced 
by, inter alia, the results of Fierer and co-workers (Fierer et al. 2012).

Out of the α diversity indices, the evenness of the bacterial communities was sig-
nificantly influenced by SOM and sodium contents of soils. This corresponds with 
findings in which significant effects of soil pH, organic matter content, moisture and 
nutrient availability on microbial community structure have been reported (e.g. Fierer 
et al. 2012, Kuramae et al. 2012). The evenness index increased with soil sodium con-
tent which mainly characterised semi-natural grasslands. This could be attributed to 
the better quality of these undisturbed habitats supporting more stable and balanced 
bacterial communities.

Soil microarthropods
The more diverse and complex vegetation creates more favourable microclimatic con-
ditions for soil microarthropods (Adejuyigbe et al. 1999): the structure of vegetation 
largely determines the moisture and temperature conditions of the soil, which has a 
serious effect on the studied animal groups (e.g. Hopkin 1997, Tsiafouli et al. 2005). It 
provides a better quality food source for microarthropods, predominantly determined 
by the C / N ratio of dead plant material (Seastedt 1984). Furthermore, these habitats 
positively affect the presence of soil animals providing refuges for them due to the 
lower degree of human disturbance resulting from agricultural activities (Barbercheck 
et al. 2008).

The higher microarthropod diversity and abundance in cereal fields adjacent to 
set-asides compared to cereals without set-aside fields are probably attributable to the 
spillover effect of set-aside fields: several studies have proved the positive role of semi-
natural habitat patches as propagule sources, affecting favourably the adjacent areas 
as well (e.g. Blitzer et al. 2012). In addition to the above-mentioned environmental 
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factors, the soil physical and chemical properties are of great importance for soil arthro-
pods: soil pH, salt concentration, organic matter and nutrient content proved to be 
significant factors. Soil pH had a variable effect on the QBS index and the number of 
microarthropods: the former showed a positive relationship with pH, while the latter 
increased with soil acidity. Although most of the soil arthropods do not prefer acidic 
soils (Swift et al. 1979), the abundance of certain taxa (e.g. Oribatida) decreases with 
soil pH (e.g. Maraun and Scheu 2000). This might explain the higher microarthropod 
numbers found in soils with lower pH: most of the samples were dominated by mites 
(mainly oribatids). We experienced positive effects of soil organic matter and nitrogen 
content on microarthropods. The first is supported by the results of several studies (e.g. 
Edwards and Lofty 1969). This is likely to be closely related to the fact that soil organic 
matter serves as an energy and nutrient source for them (Swift et al. 1979). The ob-
served positive relationship between soil nitrogen content and microarthropod diversity 
was probably due to their food preference. Although there were no significant differ-
ences between habitats, the nitrogen supply of soils of set-aside fields and grasslands 
was generally higher, which might be largely caused by the N-rich vegetation. The role 
of legumes, which characterised these habitats, is also essential in this respect as they 
make a significant contribution to atmospheric N fixation. Therefore, they increase 
soil fertility and return high quality litter to soil organisms (Mulder et al. 2002). The 
chemical composition of dead plant material is particularly important for the detriti-
vore arthropods, remarkably affecting their diversity and abundance. It is well-known 
that most of them prefer N-rich detritus (e.g. Seastedt 1984), which might be found 
mainly in set-aside fields and semi-natural grasslands. Potassium also proved to be a 
significant soil nutrient: its increase resulted in unfavourable change in soil biological 
quality (expressed in the QBS index). Since there were significantly higher K2O values 
in cereal fields compared to set-asides and grasslands, presumably fertilisation remains 
in the background. We can find examples of beneficial and adverse effects of fertilisa-
tion on soil microarthropods supporting the relevance of this issue (Bardgett and Cook 
1998). The relatively high total soluble salt and Na concentrations refer unfavourable 
soil conditions not tolerated by the majority of soil organisms. Therefore, the negative 
effects of these soil parameters on soil arthropods are not surprising. The higher number 
of individuals found in clay soils (with higher KA values) may be attributed to beneficial 
soil conditions (e.g. soil moisture, nutrient and organic matter). Nevertheless, it is im-
portant to emphasise that heavily-bound soils can lead to opposing changes, as limited 
pore space impedes movement of the soil microarthropods (O’Lear and Blair 1999).

Soil macrodetritivores
Species richness of isopods and millipedes reflected the regional species pool. All mil-
lipede and isopod species found in the sampling sites are rather common in the Hun-
garian Great Plain (Korsós and Hornung, unpublished results). In human modified 
habitats, such as agroecosystems, a wide range of millipede species generally occurs in 
relatively low species richness, but in high density (Golovatch and Kime 2009). Except 
for Leptoiulus cibdellus and Porcellionides pruinosus, the observed species were almost 
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the same as found by Tóth et al. (2016). The latter can be regarded as synanthropic: 
appears in all kinds of anthropogenic habitats in Hungary (Vilisics et al. 2007, Hor-
nung et al. 2008). In the present study, it occurred only in cereal fields similarly to 
a millipede species, Brachydesmus superus. This is not surprising as both species have 
broad tolerance to anthropogenic disturbance (Schubart 1934, Schmalfuss 2003). The 
significant effects of abiotic soil properties on isopods shown by LMM are probably 
related to habitat type. The beneficial effect of grasslands and set-aside fields on iso-
pods might be mainly due to the more favourable microclimatic conditions, the better 
quality food source and the lesser anthropogenic disturbance (Tóth et al. 2016). How-
ever, we did not find such a clear habitat preference in the case of millipedes. In the 
present study, the habitat type was almost irrelevant regarding species richness. Nev-
ertheless, it had significant effect on their abundance: cereal fields without set-asides 
proved to be the most favourable habitats with almost the same values as semi-natural 
grasslands. Differing habitat preference of isopods and millipedes can be explained 
by physiological attributes: millipedes are less sensitive to microclimatic effects being 
more drought resistant (Morón-Ríos et al. 2010) than isopods. Soil temperature and 
moisture content are the main abiotic background factors influencing the presence 
and abundance of the animals in question, especially that of terrestrial isopods. Their 
exoskeleton is permeable to water and so the desiccation threat restricts their occur-
rence to habitats with higher humidity and suitable shelter sites (e.g. Warburg 1987, 
Hopkin and Read 1992).

We identified that habitat type, salt concentration and soil plasticity (expressed in 
KA) were the main factors influencing the species composition of the macrodecom-
poser assemblages (Figure 2). Brachyiulus bagnalli mainly occurred in cereal fields that 
can be explained by its habitat preference: it favours disturbed, open habitats, tolerat-
ing a wide range of drought and human presence (Schubart 1934, Korsós 1992). In 
contrast, A. vulgare preferred grasslands and its occurence was connected to soils with 
higher salt content, indicating a relatively high salinity tolerance. Brachydesmus superus 
was significantly influenced by soil plasticity. There may be several explanations for this 
phenomenon: for example, it strongly affects the soil moisture regime, soil chemistry, 
overall substrate availability and the movement of millipedes.

Plant tissue decomposition and its relationship with biodiversity

Plant tissue decomposition was the highest in set-aside fields and semi-natural grass-
lands during the studied period. There was also a significant difference in mass loss of 
organic matter between cereal fields with and without set-asides. We experienced the 
lowest degree of decomposition in the latter habitats.

It has long been proven that characteristics of ecosystems (e.g. physical, chemi-
cal and biological properties) basically determine their functionalities (Wiens 1972). 
Concerning the carbon cycle, the carbon sink and source ecosystems can be distin-
guished. Almost all natural habitats, characterised by a high amount of plant bio-
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mass, such as enhanced primary production and moderate carbon emissions, belong 
to the former category. By contrast, anthropogenic conversion of natural habitats re-
sults in degraded ecosystems becoming carbon sources (Bardgett and Wardle 2010). 
Consequently, more intensive decomposition processes and, thus, higher carbon 
emissions, could be expected in soils of cereal fields compared to grasslands and set-
asides. However, we found higher organic matter decay in soils of the less disturbed 
habitats, which suggests greater rates of soil respiration. Nevertheless, it is important 
to emphasise that it is not possible to draw far-reaching conclusions from this one-
month period of the examination. The dynamics of organic matter decomposition 
shows great spatial and temporal variation (Swift et al. 1979). At least a one-year 
period would have been necessary to seek a better picture, but agricultural activities 
in the sampling areas did not allow this.

In addition to the habitat type, two abiotic soil properties (soil pH and SOM%) 
also significantly affected the decomposition rates. The greater biodegradation observed 
in the more alkaline soils is probably attributed to the fact that the acidic soil pH is not 
favourable to the majority of soil organisms, which can lead to reduced organic matter 
decomposition. The negative relationship between SOM content and decay rates could 
infer less intensive mineralisation and immobilisation than humification, resulting in a 
higher SOM level due to the gradual accumulation of soil organic matter.

There was no significant correlation between soil biodiversity and organic matter 
decomposition in our research, despite the positive trend between the two variables. 
Reasons for the lack of significance may be related to one-off sampling, short period 
of the organic matter decomposition test, forced skip of key groups of decomposer 
organisms (fungi, earthworms) etc. In the case of microbes, we could estimate the 
diversity only of soil bacteria, although it is possible that habitats with acidic soils 
were dominated by fungi. This is also supported by the fact that soils with low pH and 
higher organic matter content – such as semi-natural grasslands and set-aside fields 
in our study – generally have a fungal-dominated food web (Bardgett and Wardle 
2010). However, agricultural practices (fertilisation, grazing, ploughing etc.) gener-
ally lead to a shift from fungal-based soil food webs to more bacterial-based soil food 
webs (Bardgett and Wardle 2010). Ideally, therefore, both microbial groups should be 
taken into account as their role in breakdown of organic matter may differ depending 
on habitat type.

Out of the biotic components, only soil biological quality (expressed in the QBS 
index) significantly influenced (even if marginally) plant tissue decomposition. The 
positive effects of microarthropods on decay of organic matter have already been dem-
onstrated in a number of studies (e.g. Crossley and Hoglund 1962). According to 
Seastedt’s (1984) estimate, soil microarthropods consume 20–30% of the total annual 
litter, thus directly and indirectly promoting the breakdown of detritus. This is in line 
with the results of De Graaff and co-workers (2015) who found a decline in decompo-
sition rates with the decrease of soil faunal diversity, while the reduction of microbial 
diversity has not affected the decay intensity.
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Conclusions

Our results indicate that set-aside management under agri-environment schemes has 
profound effects not only on certain soil physical and chemical properties, but on soil 
biodiversity and function as well. The present study highlights the importance of set-
aside fields particularly for the conservation to surface dwelling invertebrates. Set-aside 
fields function as semi-natural habitats providing favourable conditions especially for 
micro- and macroarthropods, supporting the regeneration of soil biological resources. 
Set-aside fields that are not part of a crop rotation for at least 2 years could be a valu-
able option for establishing ecological focus areas under the Common Agricultural 
Policy (CAP) in the EU, as these fields may help to conserve soil biodiversity.

However further research is required to look for the optimum management re-
gimes for all soil-related organisms supporting the most abundant and diverse soil 
biota, particularly in relation to the establishment methods of set-aside or other semi-
natural habitat types in agricultural landscapes.

Finally, we emphasise that evaluation of agri-environmental schemes, regarding 
soil biodiversity and function, is of high practical and theoretical importance. For 
example, data on soil biota, plant tissue decomposition and/or their relationship are es-
sential to better understand mechanisms influencing biogeochemical cycles. Therefore, 
the biological and functional aspects of soil need to be better taken into account in a 
national or/and European soil monitoring scheme.
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Introduction

There are several organic and inorganic remains in sediments which reflect the history 
of oxbows. In lake sediments, some of the most common animal remains are those of 
Cladocera which derive from both water and sediment (Kurek et al. 2010). The taxo-
nomic structure of Cladocera remaining in sediment cores indicates past changes in 
the environment, such as eutrophication (Visconti et al. 2008, Nevalainen and Luoto 
2013), acidification (Jeziorski et al. 2008) and changes in the water level (Korponai 
et al. 2016). Cladocera communities play an important role in a lake’s food web be-
cause of their intermediate position, which means that Cladocera species have signifi-
cant effects on the ecology status and water quality of lakes (Jeppesen et al. 2011, Zhi 
et al. 2012). Due to this position in the food web, Cladocera are sensitive indicators of 
environmental changes (Kurek et al. 2010).

Earlier studies indicated that the boundary zone between macrophyte beds and 
open water is particularly important as a refuge for cladocerans (Lauridsen et al. 1996; 
Davidson et al. 2010). At the same time, Cladocera communities vary with macro-
phyte bed size and open water which is an important daytime refuge for potentially 
migrating pelagic cladocerans (Lauridsen et al. 1996).

In this study, we tested the effect of habitat types of oxbows on Cladocera com-
munities in the Upper Tisza Region, in northeast Hungary. We also studied the corre-
lation between the water chemical parameters of Cladocera species. We hypothesised 
that there were Cladocera species characteristic of typical oxbow habitats and that 
they are useful indicators for assessing and monitoring the structure and ecological 
state of lakes.

Methods

Study sites

Many oxbows were formed during the 19th century with the controlling of the River 
Tisza. To assure shipping and flood-control, more than 100 meanders were cut. As 
a result, many artificial oxbow lakes were formed along the River Tisza (Babka et al. 
2011, Balogh et al. 2016, 2017, Kundrát et al. 2017). In the Upper-Tisza region, 
there are more than 40 oxbows. This region is mainly cultivated using traditional 
agricultural systems with meadows, orchards and some cereal cultivation. The char-
acteristic land use of this countryside has changed considerably during the last 200 
years (Varga et al. 2013).

The oxbows studied were in the Upper Tisza region, near the town of Vásárosnamé-
ny in Hungary. The following oxbows were studied: Keskeny Holt-Tisza (48°9'5.64"N, 
22°20'9.30"E), Foltos-kerti Holt-Tisza (48°5'47.58"N, 22°23'47.64"E) and Patkó 
Holt-Tisza (48°6'27.66"N, 22°23'1.56"E). In each oxbow, four sampling points were 
chosen to represent typical habitat types: tangled vegetation, open water, reeds and 
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tunnels. In the tangled habitat, Ceratophyllum demersum (about 90%) and Potamogeton 
natans (about 10%) were the most abundant plant species. In the open water habitats, 
there were no aquatic plants. In the reed habitat, the main aquatic plant species was 
Phragmites australis. The tunnel habitats were at least 1.2 m deep and wide open sur-
faces with little vegetation towards the sides were typical (Ceratophyllum demersum).

Cladocera identification

For Cladocera identification, surface sediment subsamples (1 cm3) were treated with 
100 ml 10% KOH (Normapur, VWR) solution and heated at 100 °C for about 1 
hour. Hydrofluoric acid (HF) (38%, VWR) was used to remove the inorganic material 
following identification. Then we added safranine O (ALFA (AESAR)) to the sample 
to stain the remains. We prepared quantitative slides by pipetting 100 μl of each sub-
sample on to a microscope slide and then examined it under a microscope (B–183, 
OPTIKA Microscopes, Italy) at magnifications of 100 and 400; about 200 Cladocera 
remains were counted from each sample. Usually two slides are sufficient for identify-
ing at least 200 remains, which is the recommended number for counting (Kurek et al. 
2010). The identification was based on Bledzki and Rybak (2016) and Szeroczyńska 
and Sarmaja-Korjonen (2007).

Water analyses

Surface water samples were collected in plastic bottles and parallel measurements were 
performed at the study sites. Water depth, transparency, temperature, conductivity 
(WTW cond. 340i) and pH (WTW pH 315i) were measured. Samples were stored at 
4 °C until the laboratory process. In the laboratory, the content of suspended solids, 
chlorophyll-a, Chemical Oxygen Demand (COD) and the concentrations of carbon 
dioxide, ammonium-nitrogen, nitrite-nitrogen, nitrate-nitrogen and orthophosphate 
were measured. Laboratory analyses of water samples were based on APHA (2000) and 
Nollet and De Gelder (2011).

Sediment analyses

To determinate the organic matter content of surface sediment, the loss on ignition 
method was used. After drying at 105 °C, 0.2 g samples were cremated at 550 °C for 
4 h in a muffle furnace (Nabertherm L5/C6, Germany). The loss on ignition was cal-
culated with the following equation: LOI550 = 100*(DW105–DW550)/WS, where 
LOI550 was the percentage loss on ignition at 550 °C, DW105 was the dry weight of 
samples at 150 °C and DW550 was the weight of the sample at 550 °C (Heiri et al. 
2001, Matthews 2014). To determine the content of calcium carbonate in the surface 
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sediment, the samples were burnt at 950 °C for 4 h. After cooling, we measured them 
with analytic scales. The calculation of the loss on ignition was conducted with the 
following equipment: LOI950 = 100*(DW550–DW950)/WS, where LOI950 is the 
percentage of loss on ignition at 950 °C and DW950 is the weight of the sample after 
heating at 950 °C (Heiri et al. 2001, Matthews 2014).

Statistical analyses

The benthic and plant associated Cladocera communities were studied, based on veg-
etation types, by non-metric multidimensional scaling (NMDS) ordination. CCA was 
used to display the correlation between water chemistry and the Cladocera community 
(Lepš and Šmilauer 2003). One-way ANOVA was used to test the effect of habitat 
types on Cladocera diversity and water chemistry. In the case of significant differences, 
Tukey’s Multiple Comparison test was used (Abbott 2016).

Results

Cladocera diversity

In total, we counted 1324 Cladocera specimens in the samples; altogether, we identi-
fied 32 taxa (Table 1). There was a significant difference in the number of Cladocera 
species amongst the vegetation types by ANOVA (F3,8 = 4.744, P = 0.034) (Fig. 1). A 
significantly higher number of Cladocera species was found in the open water than in 
the reed vegetation type (P < 0.05). There was no significant difference in the number 
of Cladocera individuals amongst the vegetation types (oxbows: F3,8 = 0.500, P = 
0.693 Fig. 2).

The benthic and plant associated Cladocera communities of reeds, tangled veg-
etation, open water and tunnels were clearly separated from each other by NMDS 
ordination. The communities of benthic Cladocera in tangled vegetation, open water 
and tunnels were similar to each other (Fig. 3). A similar result was found in the cases 
of plant associated Cladocera communities when using NMDS ordination (Fig. 4).

Water physico-chemistry and sediment chemistry differences amongst vegetation 
types

There were no significant differences in the water physico-chemistry parameters stud-
ied (depth: F = 1.234, p = 0.359; visibility: F = 0.591, P = 0.638; temperature: F = 
0.164, P = 0.918; pH: F = 2.433, P = 0.140; conductivity: F = 0.029, P = 0.993; sus-
pended solids: F = 1.038, P = 0.427; CO2: F = 2.519, P = 0.132; COD: F = 0.004, P 
= 1.000; NH4

+: F = 1.406, P = 0.310; NO3
-: F = 0.696, P = 0.580; Chlorophyll-a: F 
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Table 1. Summary of Cladocera species and individual numbers based on the oxbows and vegetation 
types studied.

Habitat 
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A. affinis reeds 125 50 0 0 10 7 17 0 3 3 8 13
A. elongatus sediment 25 0 0 0 0 0 0 0 0 0 0 0

A. emarginatus
tangled 

vegetation
0 0 0 0 0 0 33 0 0 0 0 0

A. excisa
tangled 

vegetation/
reeds

0 0 0 50 5 0 0 0 0 18 2 0

A. exigua
tangled 

vegetation
75 0 0 0 5 0 67 0 3 0 0 0

A. guttata
tangled 

vegetation/
reeds

150 50 0 17 10 0 67 0 40 4 0 0

A. harpae plants 100 0 0 0 0 7 33 0 0 9 0 0
A. intermedia sediment 0 250 25 17 10 7 83 22 48 7 0 25
A. nana plants 25 50 0 17 0 0 0 0 0 0 0 13
A. quadrangularis sediment/plant 75 100 25 0 0 0 0 67 5 0 0 41
A. rectangula sediment 225 400 0 0 35 54 183 0 113 3 0 16
B. coregoni open water 650 1050 1050 900 40 39 167 700 0 3 2 44

B. longirostris
plants/open 

water
2075 4600 2350 683 300 196 1133 344 0 1 2 53

B. longispina open water 0 150 75 133 5 0 67 0 0 0 0 0
C. fennicus sediment 0 0 0 0 0 4 17 0 0 0 0 0
C. gibbus sediment 0 0 0 0 0 0 17 0 0 0 0 0
C. rectirostris plants 0 0 25 33 0 0 0 0 0 0 0 6
C. sphaericus sediment 175 200 25 50 25 18 150 11 25 53 2 38
D. longispina open water 0 0 0 0 60 0 0 0 0 0 0 13
D. rostrata sediment 25 50 0 50 0 0 17 0 0 0 0 0
E. lamellatus sediment/plant 0 0 25 0 0 0 0 0 0 0 0 0
G. testudinaria plants 150 150 0 0 10 7 17 0 0 0 0 0
K. latissima plants 0 0 0 0 0 0 0 0 0 3 0 0
L. acanthocercoides sediment/plant 0 0 0 0 0 0 0 0 0 0 0 6
L. leydigi sediment 0 50 25 33 0 0 0 0 0 0 2 6
M. dispar sediment 0 0 0 0 0 0 0 0 0 0 2 0

O. tenuicaudis
tangled 

vegetation/
reeds

0 0 0 0 0 0 17 0 10 0 0 0

P. laevis plants 0 0 0 50 0 7 17 0 0 0 0 9
P. trigonellus sediment/plant 25 50 0 17 10 11 33 0 3 0 0 0

P. truncatus
tangled 

vegetation/
reeds

0 0 0 0 0 0 17 0 13 0 0 0

P. uncinatus sediment 0 0 0 0 0 0 0 0 0 1 0 0

S. crystallina
plants/open 

water
0 0 0 17 0 0 0 0 0 0 0 0
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Figure 1. Number of Cladocera species by vegetation type.

Figure 2. Number of Cladocera individuals by vegetation type.

Figure 3. NMDS ordination of the benthic Cladocera remains of vegetation types (stress=0.1785).
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Figure 4. NMDS ordination of the plant associated Cladocera remains of vegetation types (stress=0.1922).

= 2.823, P = 0.107) amongst vegetation types (Table 2). Similar to the water physico-
chemical parameters, significant differences were not found amongst vegetation types 
based on the organic matter content (F = 3.159, P = 0.086), nor on the calcium car-
bonate content (F = 0.134, P = 0.937) of sediment (Table 2).

Correlation between sediment and water chemistry and Cladocera communities

Based on the CCA ordination, our results show positive correlations between the or-
ganic matter and the calcium carbonate content of sediment and A. elongatus, A. rec-
tangular, L. leydigi and A.quadrangularis species (Fig. 5). In the cases of water chem-

Table 2. Physical and chemical parameters of surface water and sediment (mean ± SD) according to 
vegetation type.

Parameters
Vegetation type

tangled vegetation open water reeds tunnel
Water
depth, cm 59 ± 20 80 ± 20 135 ± 35 75 ± 20
visibility, cm 49 ± 21 54 ± 7 73 ± 23 47 ± 4
temperature, °C 12 ± 1 11 ± 1 11 ± 1 11 ± 1
pH 8.3 ±0.3 8.6 ± 0.2 8.5 ± 0.3 7.9 ± 0.1
conductivity, μS cm-1 334 ± 78 346 ± 73 343 ± 73 370 ± 920
suspended solid, mgl-1 8 ± 4 10 ± 2 12 ± 8 3 ± 1
CO2,mgl-1 19 ± 5 10 ± 2 24 ± 3 15 ± 4
COD, mgl-1 6 ± 5 4 ± 2 5 ± 3 6 ± 4
NH4

+, mgl-1 3 ± 1 1  ± 1 2 ± 1 1 ± 1
NO3

-, mgl-1 0.2 ± 0.1 0.3 ± 0.1 0.1 ± 0.1 0.2 ± 0.1
Chlorophyll-a, mgl-1 6 ± 2 9 ± 3 15 ± 7 4 ± 1
Sediment
organic matter, % 4.1 ± 0.4 3.4 ± 0.2 2.4 ± 1.0 2.9 ± 0.8
CaCO3, % 0.7 ± 0.2 0.8 ± 0.3 0.7 ± 0.5 0.6 ± 0.2
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Figure 5. CCA ordination of benthic Cladocera taxa and sediment parameters.

Figure 6. CCA ordination of Cladocera taxa and water chemical parameters.

istry, data positive correlations were found between conductivity and K. latissima spe-
cies, between chemical oxygen demand and A. nana, A. harpae and A. exigua species 
and between temperature and P. truncatus, O. tenuicaudis and A. emarginatus (Fig. 6).

Discussion

Our study demonstrated the usefulness of Cladocera remains in the assessment of 
the ecological status of oxbows. Similarly to our study, Gulyás and Forró (1999) and 
Korhola and Rautio (2001) also demonstrated a correlation between habitat types and 
Cladocera species. The CCA results corroborated the habitat preferences reported by 
Gulyás and Forró (1999) and Korhola and Rautio (2001). At the tunnel of the Kes-
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keny Holt-Tisza oxbow, we found the kind of Cladocera species which usually live 
in vegetation zones. In the tangled vegetation of the Keskeny Holt-Tisza oxbow, we 
found Alonella exigua, Acroperus harpae and Alona guttata which were typical tangled 
vegetation species; however, Acroperus elongatus and Alona affinis were mostly living in 
the biotechton of vegetation. In the tangled vegetation of the Foltos-kerti Holt-Tisza, 
Alonella excisa was a typical tangled vegetation species. We also found Daphnia long-
ispina remains there; this species is characteristically an open water and/or generalist 
species. In tunnels, Alona quadrangularis was a benthic species as reported by literature. 
The Cladocera species we found in the tangled vegetation of the Patkó Holt-Tisza ox-
bow usually lived in tangled vegetation and in sediment. In the open water, we found 
the kind of species which usually live in sediment and in vegetation and not usually 
in open water. Probably these species are able to adapt quickly to the modified envi-
ronmental conditions caused by human disturbance (i.e. the intense utilisation of the 
oxbow for recreational fishing).

There were significant differences amongst oxbows and the habitat types based 
on water chemistry parameters. Similar to earlier studies (Lukács et al. 2009, 2011), 
we found that aquatic plants influenced the water chemistry parameters. Lukács et al. 
[(2011) demonstrated that the amount of chlorophyll-a was very high in sweet grass 
beds communities, but a small amount of chlorophyll-a was found in chestnut and 
water lily beds. Our findings also demonstrated that there was a strong interaction 
between water chemistry parameters and reed habitats.

We found that temperature was in a positive correlation with the number of Cla-
docera individuals. Nevalainen and Luoto (2010) also reported that many Cladocera 
species are sensitive to seasonal temperature changes. Zawisza et al. (2016) and Wojew-
ódka et al. (2016) reported that several studies described strong correlations between 
pH, conductivity and Cladocera taxa. Bjerring et al. (2009) found negative correla-
tions between temperature and chlorophyll-a and several Cladocera taxa. We found a 
positive correlation between conductivity and Cladocera taxa, while a negative correla-
tion was found between pH and Cladocera taxa.

Conclusions

Our results show that Cladocera taxa are usually associated with characteristic habitat 
types; however, human disturbance can change the habitat association of these species 
by changing the local environment conditions. Based on our results, Cladocera are use-
ful indicators for assessing and monitoring the structure of freshwater lakes.
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Abstract
Interactions between plants, insect herbivores and associated predators represent the majority of terrestrial 
biodiversity. Insects are vital food sources for many other organisms and provide important ecosystem 
functions and services including pollination, waste removal and biological control. We propose a complete 
and reproducible education programme to guide students to understand the importance of managing and 
conserving forest ecosystems in their region through the study of insect ecology and natural history. Our 
programme involved lectures, workshops and field surveys of insects with a group of 60 high school stu-
dents in Eastern Africa (Ethiopia). It addresses the key stages of an entomological research project includ-
ing: 1) general entomological knowledge and understanding the role of insects in terrestrial diversity and 
in ecosystem functioning and services; (2) the proposal of simple research questions including hypothesis 
development and evaluation using scientific literature, 3) fieldwork using different types of light traps; 4) 
sorting and identification of the insect orders using simple diagnostic keys and illustrated plates; 5) analys-
ing and interpreting the results and 6) demonstrating findings to peers and a public audience. Identifying 
insects, exploring their natural history and understanding their functions in the field bring the students 
towards a better understanding and awareness of the importance of forest ecosystem conservation.
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Introduction

Insects and plants have undergone a co-evolutionary arms race for over 200 million 
years (Labandeira et al. 1994; Van Eldijk et al. 2018). Plant-insect interactions repre-
sent almost 75% of terrestrial biodiversity composed of host plants, herbivore insects 
and their predators (Price 2002), which are mostly other arthropods (May 2010). In-
sects are central components of terrestrial biodiversity. It is therefore essential that the 
public is educated to understand and appreciate the multiple roles of insects in eco-
system functioning and services. Given the diversity of insects and complex nature of 
ecosystem functioning, however, this appreciation can be seen as an abstract notion to 
comprehend for many public audiences.

The importance of insects and the ecosystem functions they provide are best-
illustrated by their fascinating natural history. This facilitates the use of insects as a 
model for an introduction to ecology and public outreach towards ecosystem conser-
vation and management. For example, insects are soil engineers. Excluding decom-
poser and detritivorous insects from a forest ecosystem leads to the accumulation of 
unrecycled organic matter (Beynon et al. 2015). Such a build-up of organic matter 
can have severe consequences for nutrient cycling and other ecosystem functions. The 
interactions between herbivore insects and their host plants, which are under con-
stant selective pressure, are one of the main forces driving plant species coexistence in 
hyperdiverse tropical rainforests (Fine et al. 2004; Lamarre et al. 2012a). The role of 
insects in pollination is also crucial for structuring plant species coexistence and this 
biotic interplay allowed many flowering plants to evolve bright colours and incredible 
shapes as reproductive strategies to attract insects. Some insects, such as wild bees, are 
beneficial to food production, as they pollinate the large majority of crops (Picanço 
et al. 2017), while others are agricultural pests. At the top of the food web, insect 
predators and parasitoids regulate populations of herbivores and other agricultural 
pests. This makes understanding and maintaining insect diversity vital to global food 
security. Our agricultural practices are expected to evolve towards agroecology which 
promotes natural populations of beneficial insects such as pollinators and pest con-
trolling predators and parasitoids (FAO 2014). A better understanding of insects and 
their functions allow us to realise sustainable practices for our agroecosystems adapted 
for fluctuating climates.

Despite its global importance, entomology as a discipline has been slowly disap-
pearing along with a lack of formal training and the rarity of insect taxonomists in 
universities (Leather 2009, Wilson 2017) and in conservation studies (Clark and May 
2002). Leather (2009) pointed out that:
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“Entomologists are like endangered mammals such as tigers and polar bears in that 
they and their habitats are on the verge of extinction and this is likely to have a profound 

negative effect on science in general”.

The statement is generally shared amongst the scientific communities where basic 
biodiversity research is being neglected (Leather and Quicke 2009, Leather 2015; Wilson 
2017 and references therein). Advances in entomological knowledge will be crucial for 
tackling future challenges such as climate changes and other global-scale anthropogenic 
disturbances leading to the loss of biodiversity and associated ecosystem functions. A 
large-scale loss of insect diversity has been reported by Hallmann and colleagues (2017) 
who showed a decline of over 75% in flying insect biomass within protected areas of 
Germany. Ongoing disturbances such as climate change are predicted to increase the 
impacts of insect pests and vectors on food production, human livelihoods and health 
(DeLucia et al. 2008; Jeffs and Lewis 2013). Such observations stimulated numerous 
media reactions, but, due to a lack of information and education on biodiversity and 
insect taxonomy, the issues behind these findings remain difficult to fully apprehend.

Here we recommend the use of insects and field study in biological education 
programmes to increase the understanding of the value of biodiversity. In our field 
study, the action of observing and inspecting live insects, in the middle of the forest at 
night for the first time, is unique in creating a memorable experience of nature (Borsos 
et al. 2018). Our education initiative utilises similar teaching methods to the British 
Bioblitz programme – i.e. a complete field course on insects that are easy to observe 
and collect in their natural habitat. We report the feasibility of the novel “Des Insectes 
et des Hommes” (“Insects and Humans”) education programme in Ethiopia (Eastern 
Africa) as a case in point. To our knowledge, no biological education programme has 
been yet proposed using a scientific framework in the study of insect communities in 
the French education system.

The programme addresses every step of entomological research projects and is 
comparable to a typical undergraduate entomology programme. These activities in-
clude: (1) acquisition of general entomological knowledge and understanding the role 
of insects in terrestrial ecosystem functioning and services; (2) proposal for research 
questions including hypothesis development and evaluation using scientific literature; 
(3) fieldwork using light traps as the main collecting technique; (4) sorting and the 
identification of the 10 main orders of insects using illustrated plates and entomologi-
cal supports; (5) database preparation, data collection and analysis and interpretation 
of the results; (6) communicating their findings to the public audience via oral presen-
tation and written reports.

The general philosophy of our field course is governed by the need for investigating 
the identity (taxonomy), exploring natural history and understanding the functions 
(ecology) of insects in an observable way in the field. We envisage that this process will 
develop behavioural changes in the participants and presentation audiences, such as 
greater curiosity towards insects and their habitats and a motivation to protect them 
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(conservation). The proposed educational programme also provides a basic understand-
ing of natural forest ecosystems at both global and local scales, fostering local communi-
ty awareness of forest habitat disturbances and the need for conservation in their region.

Methods

Study site and target participants

The French High school Guebre-Mariam in Addis-Abeba (Ethiopia) hosted the project 
and provided facilities for the lectures, the lab work and the student oral presentations. The 
target groups are primarily high school students, but this does not exclude the course being 
applied to other lower and higher education students as well as the wider public (Matthews 
and Flage 1997). We encouraged the targeting of those who did not take entomological or 
ecological courses. Here the case study consisted of two classes of students aged between 
15 and 19 (mean age of 16.4 years) corresponding to the first year of high school in the 
French education system (i.e. “Seconde” in French, year 11 in UK and 10th grade in USA). 
Our programme was fully integrated into the biology major programme (“Sciences et Vie 
et de la Terre”). A total of 57 students from the two classes (3 were absent) representing 10 
different nationalities were randomly allocated to six groups prior to the initiation of this 
programme (3 groups per class). We decided that an average of nine students per group was 
an adequate size for efficient interactions amongst students and teachers.

Fieldwork occurred in the Oromiya region within the Menagesha National Park, 
located at Suba village, 50 km east from Addis-Abeba. The protected forest represents 
nearly 10000 ha of altitudinal subtropical forests including 2500 ha of pristine forest 
and 1000 ha of plantations in the surroundings (Demissew 1988). The natural forest is 
dominated by endemic trees characteristic of the altitudinal highlands of Ethiopia such 
as the native African juniper (Juniperus procera), the Kousso tree (Hagenia abyssinica) 
and the endangered fern pine (Podocarpus falcatus). The protected area is part of an old 
and complex geological formation on the southwest facing slopes of the extinct We-
checha volcano (3,385 m). The project site received almost 1100 mm of precipitation 
from June to September with an average temperature of 11 °C. This pristine mountain 
forest remnant also hosts many native and endemic fauna and is thus an important 
refugia for endangered species, such as the two endemic mammals, the Menelik Bush-
buck (Tragelaphus scriptus meneliki) and the White-footed mouse (Stenocephalemys al-
bipes). Few participants in our course had previously visited this exceptional national 
park even though it is the last native primary rainforest in the vicinity of Addis-Abeba.

Implementation procedure

We led a complete and reproducible education programme using the study of insect to 
guide the students towards understanding the importance of conserving and managing 
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forest ecosystems in their region. The programme ran for one entire school week with 
approximately 8 hours of activities per day (Monday to Friday, 18–22 April 2016) 
which included a total of 5–6 hours fieldwork at night. Five sequences are presented 
chronologically below to describe the programme activities. Finally, we discussed the 
education implications of our course by summarising feedback from the students and 
teachers 18 months after the programme was concluded.

Sequence #1: Introduction to insect ecology (Day 1, lectures ~ 4h). The first 
sequence consisted of a general introduction to insect diversity and ecology (Figure 1). 
Two lectures of 2 hours were given by GPAL in an amphitheatre and served to intro-
duce insects as key components of terrestrial biodiversity, focusing on their extreme 
abundance and species richness. The lecturer also addressed the importance of insects 
in providing ecosystem functions and services. We explained the principles of co-evo-
lutionary theory with some examples of anti-herbivore traits such as trichomes on the 
leaves of plants easily visible in the field. We also taught that herbivorous insects tend 
to be specialised to feeding on a few evolutionary related host plant species (Novotny 
and Basset 2005). We discussed the ecological and evolutionary factors that determine 
the degree to which a herbivore is associated with one or multiple plants. Specialisa-
tion is a crucial notion to comprehend because it is related to patterns of association, 
coexistence and diversification of insect and plant assemblages. GPAL introduced the 
most dominant insect orders likely to be collected by the students and their range of 
microhabitats in the forest (Figure 1). Prior to identification of insects to order level 
(Seq: #3 and #4), the lecture also highlighted the ecological functions of insects in 
forest ecosystems (e.g. pollinators, scavengers, decomposers, predators). In conjunc-
tion with their fascinating natural histories, this context was needed to understand the 
importance of studying insect functional diversity (see Lamarre et al. 2016).

Finally, we presented the daily schedule of the programme to all participants and 
formed the field groups before organising the equipment. The participants were encour-
aged by teachers to ask practical as well as scientific questions about the programme. As 
a mandatory step prior to any scientific project, we recommended a literature review. 
In our case, students reviewed online biodiversity studies pertinent to Ethiopian forest 
ecosystems. We introduced students to an online scientific literature search engine, in 
this case Google Scholar, which was previously unknown to most students. However, 
we found neither a local insect list nor any entomofaunal knowledge for our study 
region (with the exception of information associated with human related vector mos-
quitoes and flies, but see Rougeot 1977). Such an education project therefore has the 
potential to produce a basic insect species list (e.g. an inventory) and is an effective 
form of citizen science (Campanaro et al. 2017, Scheuch et al. 2018) similar to the 
Bioblitz project in the UK. Detailed inventories, generated from our field course, can 
serve as a baseline study on the insect communities found in Menagesha National Park.

Sequence #2: Workshop for building research questions (day 1, lab activities 
~2h). We allocated student groups to two classrooms to keep the number of students 
manageable during the workshop. Instructors, GPAL and YJ, led the workshop discus-
sion. In each class, in concert with the students that reached some specific interests 
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Figure 1. Slide, plates and pictures used for the teaching of the role of insect in global diversity and ecosystem 
functioning (Seq#1). It includes the PowerPoint presentation for lectures; an illustration of a dung beetle to pre-
sent their crucial role as soil engineers; an illustrated plate of the multiple arthropods observed in tropical rain-
forests and finally the myriad insects inhabiting one unique tree associated with different niches (Evans, 1977).

in particular insect group, we proposed a series of simple research questions on insect 
community composition and structure (community ecology). These questions were 
related to the previous lectures and were feasible to investigate within the duration 
of the fieldwork (i.e. generating a sufficient dataset) and the timeline of the project 
(Table 1). Instructors needed to prepare a list of questions prior to the workshop to 
facilitate discussion and, if necessary, modify questions in the context of the local area, 
forest structure, compositions and weather conditions.

During this workshop, one group decided to investigate the three most domi-
nant insect orders found in the national park to generate an illustrated leaflet detail-
ing the charismatic and dominant insects for future visitors. GPAL briefly lectured in 
Sequence #1 about other insect sampling techniques that might be employed in forest 
ecosystems and the importance of trap choice in targeting specific insect functional 
groups (Lamarre et al. 2012b). We introduced two different types of light traps in 
order to study and compare the number of collected individuals and assemblage com-
position of the target insect orders. Students from two groups compared the differences 
in efficiency between the two light trap techniques amongst different groups of insects, 
allowing them to understand the insect flight activity and seasonality. We discussed the 
origin and differences in attraction of insect groups to lights (phototactic responses). 
Sampling efficiency was compared in terms of capturing the dominant, representative 
species of the local habitats and in terms of capturing species of the target group (e.g. 
moths). We discussed with the students how to structure a dataset (order × sample × 
trap) we will generate from the light trapping (Table 1). For some groups, we devel-
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Table 1. Scientific questions proposed and examined by each of the six groups during the programme 
Des Insectes et des Hommes with the themes and topics relevant to the questions.

Groups No 
students Questions (FR) Questions (ENG) Themes and relevant topics 

related to lectures
Proposed 

by

Group 1 12

Quels sont les différents 
types de pièges 
utilisés pour réaliser 
un échantillonnage 
standardisé d’une 
communauté d’insecte?

Which insect traps 
do we use to sample 
a standardised insect 
community?

Methodology (Insect sampling), 
complementarity of traps for 
distinct taxonomic and/or 
functional groups, Inventory and 
monitoring techniques (day-night)

Instructors

Group 2 10 Comment, après la 
collecte, trier les insectes?

How, after sampling, 
do entomologists sort 
their insect collection?

Methodology (procedure 
after sampling), entomology 
(sorting, organising, labelling, 
identification), museum 
(conditioning and transport, fate 
in collection)

Students

Group 3 10

Quelles sont les 
différences de captures 
d’insectes entre les deux 
types de pièges lumineux?

What are the 
differences in insect 
community structure 
(abundance-based per 
order) between the two 
different light traps?

Physiology (contrasting responses 
to light intensity, phototaxis), 
range of light attraction 
amongst forest habitats (spatial 
independence between traps), 
ecology (insect diversity of 
Ethiopian forest)

Instructors

Group 4 8
Quels sont les trois ordres 
dominants d’insectes de la 
forêt de Menagesha?

What are the three 
most dominant 
insect orders in the 
Menagesha National 
Park?

Conservation biology, biodiversity 
study (species list, field inventory 
for protected area), ecology, 
(community structure and 
composition in subtropical 
altitudinal forest)

Students

Group 5 8
Par quel type de piège 
lumineux les lépidoptères 
sont-ils le plus attirés ?

What is the most 
efficient light trapping 
technique to capture a 
moth community?

Conservation biology (biological 
indicator), methodology 
(efficiency), long-term monitoring 
(umbrella species, Lepidoptera), 
sampling bias

Instructors

Group 6 9

Quelles sont les 
différences d’abondance 
de capture de Coléoptères 
et de Lépidoptères entre le 
19 avril et le 20 avril ?

What is the relative 
abundance in 
Lepidoptera and 
Coleoptera before and 
after rainy events?

Ecology, climate change 
(responses of contrasting 
functional groups under rainy 
event), plant-insect interactions 
(food sources for herbivore insects 
with host-plant producing new 
leaves early rainy season)

Instructors/ 
students

Overall 57

oped a posteriori research question during the fieldwork. For instance, a couple of 
hours of rainfall during the second night of trapping created the opportunity to study 
the effect of weather variations on insect activities and, ultimately, the assemblage of 
captured insects. Students also studied the differences in abundance of Coleoptera 
(beetles) and Lepidoptera (moths), the two most dominant taxa, between clear and 
rainy nights. This, however, relies on a random event (rainfall) and was therefore not 
reproducible. Additional questions would have also been possible on butterfly species 
in the genus Papilio and Graphium, for example, to investigate the feeding behaviour 
of these two genera and identify the plants which they visited for pollen (see Jemal and 
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Getu 2018). Butterflies are excellent models for exploring and to disseminating ideas 
on feeding ecology, trophic interactions and food webs, especially in species-specific as-
semblages of plants in threatened montane forests. We need to acknowledge, however, 
that the choice of habitats, their diversity and the extent to which students will sample 
with sufficient intensity are not reproducible. Finally, we recommended the educators 
to remain flexible in terms of questions or objectives proposed to the students and to 
consider simple “scientifically safe” questions related to lectures (Seq#1) relevant to the 
topics (entomology, ecology and conservation) and feasible during a short programme.

Sequence #3: Fieldwork using light traps (first class, day 2; and second class, day 
3). Prior to the students’ arrival, we first explained the survey protocols (including the 
safety procedures) to the national park service and rangers. Each student from the two 
classes performed one entire day and a part of the night in the field. We set up two 
types of light traps in the forest understorey for two nights at around 1 km from the 
camp in the afternoon (~2 hours taken for trap installation, day 2). The first light trap 
consisted of a 2.5 m × 1.5 m white sheet attached between two tree trunks using ropes. 
We suspended one 250 W mercury vapour bulb, powered by a generator, in the upper 
centre of the white sheet to attract nocturnal flying insects (Figure 2). A small camp 
(with a few students) was established near the trap to protect the equipment from wa-
ter damage. At least 500 m from the first light-trap, we set up a portable light trapping 
device. This second light trap illuminated an 80 cm cylindrical white sheet using a 30 
cm actinic tube of 12 W black light (Figure 2). This type of actinic lamp powered by 
a small-sized battery could also be used alone for the programme, as mercury vapour 
lamps, ballasts and generators are not always accessible.

During the day, we also introduced the use of aerial fruit traps and pitfall traps 
for collecting the butterflies, wasps, ants, beetles and spiders commonly found in the 
understorey and in the canopy (Suppl. material 1: Figure S1). The students, however, 
ultimately only collected data from the light-traps, as this technique yielded the high-
est abundance and diversity of insects in the limited sampling period available. Light 
trapping has a unique advantage amongst other sampling techniques, as this allowed 
students to observe closely the behaviour of live insects as well as interesting interac-
tions, such as predation and competition. Light trapping also provides a unique oppor-
tunity to introduce some morphological traits characterising a distinct insect order and 
their ecology (but insects need to be immobile on the sheet). For example, the scaled 
wings are a diagnostic feature of adult Lepidoptera and the proboscis is related to the 
function of the organism in the ecosystem (pollination).

Fieldwork is often considered as the exciting and adventurous part for field bi-
ologists. We shared our experiences of working in tropical countries with the students 
before dinner (1800 h) and prepared to reach the light trapping sites with headlamps. 
Before commencing night-time fieldwork, the instructors conducted the safety briefing 
(e.g. with regards to venomous insects, generator cables and cold weather), explained 
the schedule and, with students, organised the equipment such as collecting and kill-
ing jars (for safety reasons, we used nail polish instead of cyanides), forceps and sample 
labels. When arriving at light traps, most participants were quick to show an interest in 
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Figure 2. Pictures from the light-trapping session with two classes of the French High school Guebre-
Mariam of Addis- Abeba (Seq#3). The students developed specific entomological skills from the different 
methods and recognised the choice of the trap needed to target a given insect. The students worked at 
night and respected safety procedure with toxic products (see killing jars) and finally were able to collect 
live insects manually. The second light trap technique (i.e. actinic lamp) is shown on the two left pictures 
while the manual light trap is shown on the four right-side pictures.

knowing the names of collected insect specimens. The illustrated plates (Figure 3), used 
for identifying the insects, were first presented prior to the collection and used while 
sampling. Once the groups were fully prepared, GPAL demonstrated how to sample the 
insects on the sheet to individual students. Students then captured insects on the sheet 
directly using plastic jars or forceps (Figure 2). At least one instructor supervised one 
light trap during the entire duration of the fieldwork. The instructors ensured that each 
group collected arthropods representing the majority of the focal taxonomic groups 
found on the white sheet, reported the time, date, type of light trapping and weather 
conditions in their notebook before switching to the second light trap. The instructors 
also ensured that each group collected insect samples at least twice from each of the two 
light traps. Between light trapping events, one out of the three groups moved towards 
the camp in order to start sorting, labelling and organising the insect specimens. We 
sampled insects until 2300 h or 2400 h. Instructors and some volunteering students 
then organised and transported the equipment back to the camp and cleaned the site.

Sequence #4: Sorting and identification of the main orders of insects (day 4, lab 
activities ~6h). One of the objectives of the programme was for the students to be able 
to identify the major insect orders observed in situ and to take a closer look at insect 
morphological and functional traits under the microscope. For this purpose, we cre-
ated coloured plates illustrating examples of insects belonging to each order and simple 
taxonomic identification keys (Figure 3), which helped students recognise diagnostic 
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features of each insect order (see Delvare and Aberlenc 1989). By using these plates, 
most student groups were able to count and identify their specimens on a petri dish 
to order (Figure 4). We validated the students’ insect identifications and asked them 
to explain which morphological features were used to identify and sort insects (whilst 
relating insect traits to an ecosystem function). They finally put individuals belonging 
to the same order into the same falcon tubes (50 ml) with 70% ethanol to preserve 
them along with a corresponding label (order, type of trap, location and date). For 
moth specimens, we explained how to preserve the specimens in a glassine envelope.

All individual specimens from light trapping were counted and identified to or-
der level. Collected specimens included Lepidoptera (moths), Coleoptera (beetles), 
Hemiptera (true bugs), Orthoptera (grasshoppers), Hymenoptera (bees, wasps, ants), 
Diptera (flies, mosquitoes), Mantodea (praying-mantises), Phasmatodea (stick insects) 
and also other arthropods (e.g. spiders). We observed that most of the difficulties in 
identification were in distinguishing Diptera from Hymenoptera, in some cases one 
pair of wings was detached or absent. Instructors were able to work interactively with 
the students to resolve their identification problems and pointed out additional use-
ful morphological traits (e.g. buccal appendices in addition to wing pattern). The use 
of drawings in notebooks coupled with a microscope camera helped students to learn 

Figure 3. Illustrated plates of some insect orders created for the programme, used to provide the scien-
tific terminology and enabled students to apply and use knowledge connected to the taxonomy of a given 
insect (Seq#3, #4). Plates are available upon request to the corresponding author.
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the diagnostic characteristics effectively. We also recommended the use of a projector, 
which offers a direct visualisation of the differences in insect morphology illustrated 
by high-resolution pictures or diagrams. Lepidoptera, Coleoptera and Hemiptera were 
the most successfully identified taxa. Some large-sized Hemiptera in Coreidae, Redu-
viidae and Pentatomidae families were sometimes confused with beetles. Mantodea 
and Phasmatodea were well distinguished from other orders after the first observation. 
Separating the different orders in the field (after observation and collection) and the 
lab (under microscope) received positive feedback by the students and was generally 
perceived as less challenging than the identification of specimens at higher taxonomic 
level (family or genus). However, confirmation of students’ identifications by instruc-
tors was needed. This often generated valuable discussions within a small group of 
students on the process of discriminating key morphological features amongst insect 
orders and on functional attributes related to ecosystem services (e.g. pollen-carrying 
apparatus in bees).

Sequence #5, #6: How to present your data and report your findings? (day 5, 
lab activities ~5h). We introduced Microsoft Excel software and gave instructions on 
correct data formatting procedures (Excel was projected on a screen from the teacher’s 
computer). First, one student per group volunteered to enter the insect data. It consist-
ed of the abundances (the number of individuals) of insect orders, the abundances per 
sampling nights for each insect order or, for some student groups, the abundances as-
sociated with the total number of individuals of each order collected between rainy and 

Figure 4. Pictures of the laboratory activities including the organisation, sorting and counting of the 
collected specimen using a systematic procedure under microscope (Seq#4).
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dry nights from the two type of traps. Each group composed one Excel spreadsheet. 
Second, GPAL and YJ visited each group to show students how to generate graphical 
diagrams of their data in Excel. Most of the students chose either bar plots or Venn 
diagrams to present their results (Figure 4). Using a projector in the classroom, GPAL 
presented the procedure of constructing a statistical linear model illustrated by a simple 
correlation plot. Students were asked to think collectively on the interpretation and the 
presentation of their results and discussion. Instructors ensured that each group work 
towards their previously devised research objectives when preparing their presenta-
tions. If research questions were not sufficiently addressed with their data, instructors 
provided more guidance and support. Each group worked on a Microsoft Power Point 
presentation that consisted of 8–10 slides with simple graphics and fieldwork pictures, 
sufficient for a 5–10 min oral presentation (Figure 5). Students were encouraged to 
present any findings relevant to the topics covered during the lectures, lab and field-
work, which may increase scientific knowledge of the site (Table 1). We also empha-
sised the potential use and application of their findings to local forest conservation.

This biological education programme not only taught scientific procedure and 
methods, but also trained the students to present to the public audience, sometimes 
for the first time. This last step was mandatory as it is a common method of com-
municating the results of any scientific project and is a valuable transferable skill for 
students to learn. Presentations generally involved demonstrating their results and 
conclusions to peers and the public audience through using scientific articles, confer-
ence presentations, posters and popular science articles. Each group prepared their 
presentation and selected designated speakers for a given number of slides in running 
order. At least one practice run was carried out per group. The students of each group 
presented their findings in the high school amphitheatre in front of about 80 partici-
pants consisting of students from other classes, parents, teachers, project partners and 
administrative employees. At the end of each presentation, five minutes were given 
for questions from the audience, generally with encouragement from the biology 
teachers (Figure 5). Finally, two months after the project, YJ and colleagues extended 
the programme by asking the students to review their knowledge through written sci-
entific exercises on an online scientific blog. To date, 36 articles have been reviewed 
and published by the science department of the Ethiopian high school (with 19,248 
views as of 17.08.2018).

Educational implications

Biology teachers wanting to conduct this field course, should first gain a basic un-
derstanding of insect ecology (with the help of entomologists) to aid in the im-
plementation and learning outcomes of the course. When building the proposal 
for the project, we found it extremely important to integrate the programme “Des 
insectes et des Hommes” in advance into the school’s formal annual plan of science 
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courses. This integration also provided teacher (YJ) an opportunity to be involved in 
participative science, a goal encouraged by the French Ministry of Education. This 
programme trains students effectively in scientific writing and communication in at 
least three different ways. First, students learnt a large array of scientific writing and 
communication skills, such as labelling, note taking, data entry, analysis, interpreta-
tion and oral presentation (e.g. cognitive dimension, Gaskins et al 1994). Second, 
the students strengthened their scientific reasoning and logic by generating research 
questions from examining and understanding the component of a problem (e.g. the 
conservation implications of regional forest fragmentation) and interpreting of the 
results (e.g. “we observed an increase in the abundance of insects following raining 
event”). In turn, this may provide an advantage for the students when applying for 
competitive jobs and university positions. The education project can introduce and 
illustrate potential vocations in biology such as biodiversity and conservation studies 
and forest management. Students also learned to use specific entomological equip-
ment and followed rigorous protocols in the field and lab. Finally, we emphasise that 
being part of a young group of scientists has important social implications (Vérin 
1995) and generates beneficial effects and positive group dynamics that enhances 
the whole experience.

Figure 5. The French High School Guebre-Mariam, managed by the Mission laïque française and gov-
ernment-regulated with the AEFE (Agency for French education abroad). An example of results produced 
during the programme and, inside the high school, the amphitheatre that offers the opportunity for stu-
dents to organise and follow their own symposium, a chance to develop maturity, motivation, leadership 
and self-confidence (Seq#5#6).
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Learning outcomes

Insects are often perceived as pests. Interestingly, this programme helped change stu-
dents’ attitudes towards insects through the experience of sampling and handling live 
insects. This is one of the main advantages of using light trapping, which yields a large 
number of live specimens. As we naturally fear what we do not understand, insects 
trigger strong emotions in us, both positive (diversity, shape and colours) and negative 
(fear of bites and diseases). Educating about insects through field experience is one way 
of convincing society at large that insects are more than just “creepy crawlies”.

To investigate how the students perceived insects in general and understood 
their biodiversity and roles in ecosystem functioning, we sent an online question-
naire eighteen months after the programme concluded. We proposed a series of 
questions to 1) a test-group of students that followed the educational programme 
and 2) a control-group of students that did not attend the programme (i.e. the 3 
absent students). The students who attended the programme gave a very good evalu-
ation (100% of the students gave positive marks). Students were asked to choose 
a few words from a provided selection to describe the roles of insects in terrestrial 
ecosystems (Suppl. material 1: Figure S2). The students, who participated the pro-
gramme, chose mainly “interesting” and “fascinating” (71% and 57%, respectively) 
and, to a lesser extent, “essential” (29%), “useful” (43%),” vital” (21%) and “curi-
ous” (21%). Students who did not participate to the programme described insects 
mostly as “disgusting”, “small” and “ugly”. However, with only three students who 
were absent and forming the control-group, we were not able to statistically con-
firm this trend. Only the test-group selected “useful” and “vital” and made the link 
with insect ecosystem services. Most of the students who cited insect groups as 
agents of ecosystem services included bees and butterflies (included in 60% of their 
answers). Finally, the students were asked to grade the programme “Des insectes 
et des Hommes” overall as an education tool for biology education. The answers 
confirmed that the aims of the programme were fulfilled, as illustrated by the use 
of specific vocabulary on the importance of biological education (“educational”, 
“informative”, “interesting”, “rewarding”, “patience”), ecological roles of insects 
(“pollination”, “biodiversity”, “useful”, “fragile”) and the emotional feeling associ-
ated with emerging curiosity about insects (“surprising”, “fascinating”, see Suppl. 
material 1: Figure S2).

Despite the often uncomfortable and unusual working environment, all students 
selected the fieldwork as their favourite activity during the project (Sequence #3). Our 
results confirmed that observing and collecting insects in the field can invoke interest, 
wonder and curiosity towards local natural ecosystems, increase understanding of their 
importance in terrestrial biodiversity and ecosystem functioning and finally leading the 
audience to increasing conservation awareness. Due to the limited number of students 
in the control-group, we were not able to adequately analyse the social benefits and 
cognitive education merits of our project. However, the overall positive feedback cer-
tainly assures the significance of our education programme. We recommended using 
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similar online questionnaires after conducting the programme as this allows for com-
parisons in the perception of participants and non-participants towards biodiversity 
and nature conservation.

Conclusion

We conclude that students who participated in this programme gained a better un-
derstanding of the extent of terrestrial diversity and its relationship to the crucial 
ecosystem functions and services provided by insects. Many insect groups, which the 
students observed during the light trapping, were identified successfully using simple 
taxonomic identification keys, the illustrated plates and support from demonstrators. 
Furthermore, the students understood that entomologists are investigating insect 
functional traits (as observed under microscope) to help find solutions to the chal-
lenges our planet faces such as climate change and deforestation (Basset et al. 2017). 
They were able to relate the insect morphological traits to given functions in the eco-
system (e.g. those that might be disrupted), which increased their beneficial knowl-
edge in ecology and conservation. As acknowledged in the introduction, entomology 
offers many options by using insects as an educational model in conservation, such as 
the study of specific functional groups responsible for crucial ecosystems services. Un-
derstanding trophic interactions, such as between plants and herbivorous insects and 
ecosystem functioning, represent an important cognitive knowledge base for increas-
ing awareness of their local environment and conserving their natural habitats. We are 
encouraging scientists in biodiversity research to share their expertise and participate 
actively, collaborating with local biological education programmes, to increase es-
sential knowledge in ecology and promote awareness about ecosystem conservation 
(see Ghimire et al. 2014). Both the French and Ethiopian institutions, local tour-
ist committee and the French international education network AEFE confirmed the 
importance of environmental education and public outreach in places where natural 
ecosystems are most perturbed and at risk, such as in remote areas of Eastern Africa. 
We conclude the programme with a reminder that forest ecosystems in Ethiopia are of 
exceptional importance and deserve to be protected for future generations.
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Abstract
Since the beginning of the 1990s, monitoring of habitats has been a widespread tool to record and assess 
changes in habitat quality, for example due to land use change. Thus, Article 11 of the Habitats Directive 
(92/43/EEC) requires, inter alia, monitoring of the conservation status of habitat types listed in Annex I 
of the Habitats Directive, carried out by the Member States of the European Union (EU). This monitoring 
provides the foundation for the National Reports on the measures implemented and their effectiveness 
(Art. 17 Habitats Directive), which Member States have to submit to the European Commission every six 
years. Based on these requirements, Member States have developed different monitoring programmes or 
have adapted previously existing monitoring schemes to include relevant aspects of the Habitats Directive.

The parameter ‘structure and functions’ is a key parameter for the assessment of the conservation sta-
tus of habitat types as it provides information on the quality of the habitats. A standardised questionnaire 
was developed and sent to the competent authorities of Member States to compare and analyse the assess-
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ment methods of the quality of habitat types. Responses were received from 13 of the 28 Member States, 
while it was possible to include another Member State in the analysis by evaluating appropriate literature.

The analysis revealed very different approaches and progress amongst the Member States in the 
development and implementation of monitoring programmes tailored to the reporting obligations of 
Article 17 of the Habitats Directive. Some Member States established a special standardised monitoring 
programme for Article 11 of the Habitats Directive, while others used data from already existing 
programmes (e.g. habitat mapping, large-scale forest inventories, landscape monitoring). Most Member 
States responding to the questionnaire use monitoring based on samples but the data collection, sample 
sizes and level of statistical certainty differ considerably. The same applies to the aggregation of data and 
the methods for the assessment of the parameter ‘structure and functions’. In contrast to the assessment of 
conservation status as part of the reporting obligations according to Article 17 of the Habitats Directive, no 
standardised EU guidelines exist for monitoring. The present study discusses differences in the monitoring 
programmes and evaluates them with regard to the objectives of comparable assessments of conservation 
status of habitat types in the National Reports of Member States or at a biogeographical level.

Keywords
Habitats Directive, EU Member States, reporting, habitat type, structure and functions, assessment, bio-
diversity monitoring

Introduction

Monitoring of habitats has been a widespread tool for recording and assessing changes 
in habitat quality (e.g. due to land use change) since the beginning of the 1990s 
(Lengyel et al. 2008a). This development is driven by international conventions on 
the protection of biodiversity like the Convention on Biological Diversity (CBD) 
as well as different directives of the European Union (EU) referring to biodiversity 
which include monitoring of habitats and species (Henle et al. 2013). For example, 
monitoring conservation status of habitat types listed in Annex I of the Habitats 
Directive (92/43/EEC) is mandatory according to Article 11 of the Directive. This 
provides the foundation for the National Reports on the measures implemented and 
their effectiveness (Art. 17 Habitats Directive) which Member States have to submit to 
the European Commission (EC) every six years. Based on these National Reports, the 
EC compiles a composite report which represents an essential basis for the achievement 
of biodiversity targets (EC 2011a).

The monitoring of habitat types required for the assessment of conservation status 
concentrates on a large-scale spatial level, namely the biogeographical regions of Eu-
rope (Evans 2012, ETC-BD 2006) or their respective proportions of the EU Member 
States. However, of the 150 investigated monitoring schemes for European habitats 
examined in the EuMon project, only 17.6% had a national scope, while the main 
part focused on a local (e.g. conservation areas) or regional level (e.g. administrative re-
gions). Furthermore, most of these schemes addressed only one (44%) or a few habitat 
types (Lengyel et al. 2008a, b). The EuMon database (http://eumon.ckff.si/monitor-
ing/) currently (December 2017) contains 71 monitoring schemes from 11 EU Mem-
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ber States referring to the habitat types of the Habitats Directive. However, none of 
these monitoring schemes covers all habitat types of a Member State. It could be pos-
sible to combine several monitoring schemes, where appropriate, to a comprehensive 
monitoring system which includes all habitat types of the respective State.

The quality of the data for the National Reports according to the Habitats Direc-
tive still fluctuates considerably due to the ongoing need of Member States to develop 
targeted monitoring programmes or refine/complete existing programmes (de Bello 
et al. 2010, EEA 2015, EC 2015). The EU guidelines and reporting formats provide 
consistent cornerstones for appropriate monitoring programmes for all Member States 
(DG Environment 2017, EC 2016). The conservation status of habitat types is as-
sessed by four parameters, which comprise quantitative (‘range’ and ‘area’ parameters) 
as well as qualitative (‘structure and functions’ parameter) criteria plus a forecast for the 
future (‘future prospects’ parameter) (EC 2016). An analysis of selective, nationwide 
mappings or recordings in conservation areas, some of which are also supported by 
remote sensing methods, provides data for the parameters range and area (e.g. Förster 
et al. 2008, Vanden Borre et al. 2011, 2017).

The assessment of habitat quality according to the requirements of the EC is based 
on the criteria ‘habitat structures’, ‘habitat functions’, ‘typical species’ and ‘pressures 
and threats’. The criterion ‘habitat structures’ comprises physical components of a 
habitat type which are often formed by organisms (groups), including already dead 
organisms (e.g. standing or lying dead wood) as well as abiotic features (e.g. gravel 
banks for spawning). The criterion ‘functions’ means ecological processes which exist 
at a variety of temporal and spatial scales and differ considerably between habitat types 
(DG Environment 2017, p. 170). Typical species are those which mainly occur in a 
habitat type or at least in a subtype or a variant of a habitat type (DG Environment 
2017, p. 172f.). Thus, individual attributes (or subcriteria) have to be selected for each 
habitat type to assess habitat quality. For the investigation of these criteria, sample-
based monitoring is appropriate, as already implemented by some Member States 
and prepared by others (e.g. Bijlsma and Jansen 2014, McConville and Tucker 2015, 
Moser and Ellmauer 2009, Sachteleben and Behrens 2010, Stöhr et al. 2014).

While standardised EU requirements exist for the assessment of conservation sta-
tus as an evaluation matrix for the biogeographical level (EC 2016), common mini-
mum EU standards are missing for the development and design of specific monitoring 
schemes (e.g. for sample sizes or statistical certainty). However, the evaluation matrix 
requires the detection of differences of 6% in one reporting period (1% per year). The 
evaluation matrix also lacks a threshold value for the maximum proportion of the area 
assessed as ‘unfavourable’ that is permissible for a favourable status of the parameter 
‘structure and functions’. Therefore, a comparative analysis of the different assessment 
methods of the parameter ‘structure and functions’ in the EU Member States was 
compiled. The aim of the project was to obtain references for a possible improvement 
of habitat monitoring in Germany. Here we present the results of the analysis and a 
comparative discussion.
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Methods

Research and analysis of reporting data from Member States

In a first step to find information on the approaches and methods of selected EU 
Member States concerning the assessment of the parameter ‘structure and functions’, 
an internet search was conducted for 15 countries which are part of the same biogeo-
graphical regions as Germany. The relevant data sources were considered regarding 
the accuracy of data aggregation and derivation of assessments, as well as validity of 
trends and amount of data (e.g. sample sizes for monitoring) and searched for further 
literature indications. Source documents were the Article 17 reports of Member States 
(EU obligations: Habitats Directive: Report on Implementation Measures) for the 
reporting period 2007–2012 (http://cdr.eionet.europa.eu), especially information on 
the ‘most important achievements in the implementation of the Habitats Directive’ 
(Annex A, field 1.1 or 1.2), as well as the collections of Internet links (especially field 
2.3). German, English, French and Spanish homepages could be analysed directly, 
while information in other languages were examined for potentially relevant content 
by using translation aids like ‘Google translate’. However, the internet search of pub-
licly accessible documents did not yield sufficiently precise information on the assess-
ment methodology used for the parameter ‘structure and functions’ for any of the 
selected Member States.

Questionnaire to Member States

In addition to the internet search, a standardised questionnaire was compiled for the 
selected EU Member States to answer essential questions. The questionnaire was in two 
parts (see Suppl. material 1: Table S1).

The first part focuses on sample selection and monitoring methods in general (e.g. 
monitoring scheme, number of habitat types monitored, number of sample plots, loca-
tion of sample plots within or outside Special Areas of Conservation (SACs), utilisa-
tion of already existing monitoring systems).

The second part addresses assessment methods for the parameter ‘structure and 
functions’ at the level of biogeographical regions, based on the assessment of single 
habitat type occurrences (single plots). The objective of the analysis was to determine 
if Member States implement the assessment of conservation status based on individual 
habitat type occurrences (analogous to the standard data forms) similar to Germany or 
if the assessment is conducted based on other data.

The questionnaire contained 22 questions in total, as well as explanations on the 
approach in Germany. The questions related to monitoring in the reporting period 
2007–2012, but some Member States have given outlooks for the current reporting 
period to show what will change.
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In mid-August 2015, the German Federal Agency for Nature Conservation (Bun-
desamt für Naturschutz, BfN), which is responsible at a national level for monitoring 
under Article 11 of the Habitats Directive, sent the questionnaire to members of the 
Expert Group on Reporting (EGR) and the Habitat Committee, overall to 26 of 28 
Member States. Croatia was not included because the country only joined the EU in 
2013. Representatives of 13 Member States (Austria, Belgium [only Wallonia], Czech 
Republic, Denmark, Finland, Hungary, Ireland, Latvia, Lithuania, Portugal, Romania, 
Slovenia and Sweden) answered the questionnaire. The authors of this paper compiled 
the answers for Germany.

Additionally, Bijlsma and Jansen (2014) yielded relevant aspects of the approach in 
the Netherlands. Information from the region of Wallonia has been used for Belgium, 
although assessment requirements and algorithms for conservation status differ in the 
regions of Flanders and Brussels (Westra et al. 2018).

The answers of the Member State representatives have been compiled in a table 
(as of May 2016, after queries to individual States), with their consent for publication 
of the data.

Results

Answers from Member States

Analysis of the questionnaires revealed that only two of the selected Member States 
(Portugal and Slovenia) had not yet carried out monitoring according to the Article 11 
requirements in the reporting period 2007–2012. Slovenia planned to establish moni-
toring for Natura 2000 areas in 2015 for the first time. Only a little information on 
Slovenia has been available from other sources so far. Thus, replies to the questions have 
been omitted for these two countries. Finland only answered some of the questions.

The Czech Republic assesses data from a nationwide biotope mapping programme. 
The complete update of all data takes place there over 12 years. This means that only 
part of the data is newly collected for each reporting period.

I. Was the assessment of the parameter ‘structure and functions’ for the biogeographical re-
gions conducted on the basis of a monitoring programme?

Most Member States assess the parameter ‘structure and functions’ by monitoring 
similar to Germany, at least for some of the habitat types. Wallonia (southern part of 
Belgium; four ecologically grouped monitoring schemes – forests, waters, grassland and 
other semi-natural open landscapes) and Denmark have implemented comprehensive 
monitoring programmes.

Monitoring programmes for a part of the habitat types or just subparameters 
exist in Finland, Ireland (monitoring schemes for ecological groups [e.g. upland 
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habitat types, dune habitat types and raised bog habitat types]), Latvia, Romania 
(part of the forest habitat types as part of the nationwide forest inventory), Sweden 
(nationwide forest inventory; inland waters as part of monitoring according to the 
Water Framework Directive; Article 11 requirements are integrated into a general 
landscape monitoring which is still under development) and Hungary (grassland 
habitat types since 2009, forest habitat types since 2011, wetland habitat types 
since 2014).

Lithuania and Austria are still developing monitoring programmes. In Austria, the 
monitoring programme has so far only been tested in the forest inventory for forest 
habitat types. The Czech Republic does not conduct separate monitoring but uses 
repeated biotope mapping of their entire land area instead.

I.a) When (year) was the monitoring programme installed?

The starting points in time differ between Member States. The first monitoring was 
established in Wallonia (Belgium), where monitoring forests as part of the forest in-
ventory has existed since 1994. The second monitoring was implemented in Hungary 
in 1997. Most Member States established their monitoring in the first decade of the 
21st century. Of course, older monitoring schemes for biotopes or landscapes existed 
in some Member States before the Habitats Directive came into force (e.g. the UK 
Countryside Survey).

The very different initialisation phases are a first indication of the varied develop-
ment progresses and different methodical approaches of Member States. Like Ger-
many, Denmark, Latvia and the Czech Republic used their monitoring results for the 
assessment of the parameter ‘structure and functions’ for the reporting period 2007–
2012. In other countries, this has only been done for part of the habitat types (e.g. in 
Ireland) or has not yet been applied or just tested, as in Lithuania or Austria.

I.b) In which biogeographical region is the monitoring programme carried out?

Most of the Member States surveyed are conducting, or planning to carry out, a moni-
toring programme in all biogeographical regions. The marine parts of the biogeographi-
cal regions, which are recorded separately by the EC as marine regions, were not explic-
itly queried. So far, Ireland has conducted monitoring merely for the Atlantic region 
and the monitoring programme for marine-Atlantic habitat types only started in 2015.

I.c) How many habitat types occur in your country? How many habitat types have been 
processed in the monitoring?

Depending on country size and biogeographical setting, the Member States surveyed 
have between 41 (Wallonia) and 89 (Sweden) habitat types. The States with an al-
ready existing monitoring programme include all or a majority of the terrestrial/inland 



Current status of habitat monitoring in the European Union... 63

habitat types in their respective programmes (minimum 87% of the habitat types in 
Hungary).

I.d) Was the assessment conducted on selected sample plots or on the total habitat area (total 
census)?

Most of the monitoring approaches are based, at least partly, on sampling as under-
taken in Germany. The assessments of habitat types in Wallonia, Denmark, Ireland, 
Lithuania, Sweden and Hungary are conducted fully with samples. In Austria and 
Romania, selection is carried out similar to Germany on the basis of sampling for 
widespread habitat types and total census for rare habitat types. Finland uses sampling 
for widespread habitat types (e.g. 9010 and 9050). In Lithuania, monitoring is carried 
out in transects.

In the Netherlands, the conservation degree of each habitat type of each Natura 
2000 site is considered, weighted according to its area in the site (Bijlsma and Jansen 
2014, page 12) and it is assumed that the area of the habitat type outside Natura 2000 
sites is very small. If this assumption proves to be false for a habitat type, one or two 
virtual Natura 2000 sites with an estimated degree of conservation are added. In the 
Czech Republic, the entire area is considered.

I.e) What was the sample size per habitat type in each biogeographical region?

In most Member States, the number of sampling areas depends on the frequency of 
habitat type and other ecological and methodical factors, as well as effort and costs. 
The other States do not apply a standardised sample size with an upper limit like the 
63-sample in Germany. For frequent of habitat types, the number of samples and 
sample size generally exceed those in Germany to achieve the necessary accuracy of 
results. Table 1 lists detailed information on the samples in Member States.

I.f ) Which methods were used for the selection of sample plots (connected or unconnected, 
stratified or unstratified, weighted or unweighted samples)?

Each Member State selected sample plots differently. Overall, most Member States 
conducted at least a partly systematic selection based on distribution, size and char-
acteristics of habitat types and/or other factors. Random samples without an expert 
assessment of their representativeness have not been used by any Member State.

I.g) Is the monitoring permanently repeated on the same sample plots once selected?

Apart from Ireland, all Member States use permanent observation plots at least for 
the majority of investigated habitat types or a total inventory of habitat types as in the 
Czech Republic.
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Table 1. Number of sampling areas for habitat types in Member States. BGR: biogeographical region; 
WFD: Water Framework Directive.

Member 
State

Minimum and maximum 
number of sampling areas 

per habitat
Explanations

Austria 60–100 or total census Depending on the variability and dynamic of the habitat type

Wallonia 
(Belgium) No information

Forest habitat types as part of regional forest inventory – 1 sample 
plot/50 ha
Meadows – all habitat types in 125 quadrants of 5 km × 5 km with 
occurrences of the habitat type
Water bodies – 440 sample sites in total as part of WFD

Czech 
Republic Total census Consideration of total area

Denmark 200–3,000 Between 20 and 300 sample locations (stations) with 8–12 sample 
sites at each station for each habitat type

Hungary 1–530

Number of samples for each habitat type proportional to coverage of 
the habitat type
4,800 samples in total, 55% for grassland habitat types, 35% for forest 
habitat types, 5% for wetland habitat types, 5% for other habitat types

Germany 63 per BGR or total census 5,128 sample plots for all habitat types in total

Ireland Incomplete information

Representative sampling of national occurrences according to 
geographical spectrum, e.g. 60 sites of old oak forest, 40 sites of dune 
systems and 25 sites of meadows
Depending on size of sample plots, minimum of 4 sample sites 
recommended

Latvia 1–224 2,393 samples for all habitat types in total

Lithuania 1–100

Spatial distribution based on quadrants with aim of covering at least 
10% of national area
Thus, coverage of 12–100% of respective habitat types occurring in 
the country

Netherlands No information
All Natura 2000 sites of respective habitat type contribute to the 
assessment, plus additional virtual sites if considerable occurrences 
exist outside Natura 2000

Romania 20–1,000 or total census Sample size per habitat type according to overall area of occurrences at 
national level

Sweden No information Depending on frequency of habitat type

I.h) How often is the monitoring carried out (survey intervals) during one reporting 
period?

Most Member States implemented at least one survey per reporting period. Several 
surveys per reporting period are mainly conducted in habitat types which depend on 
management, for example in Wallonia (aquatic monitoring) and Ireland (grassland). 
In the Czech Republic, one mapping cycle requires 12 years, thus only half of the land 
area is updated for each report.
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I.i) Were only Natura 2000 sites included in the monitoring or also sites outside the Natura 
2000 network? Can differences inside/outside Natura 2000 be detected from the monitoring?

Most Member States included areas within and outside Natura 2000 sites. So far, none 
of the Member States could find statistically reliable differences or the sample size was 
not large enough to allow a differentiation. Only a few Member States (Wallonia, 
Czech Republic, Denmark, Finland, Hungary and Sweden) assume that this will be 
possible for the next reporting periods.

I.j) Are there already existing monitoring systems and are they used for the Article 11 moni-
toring?

In a few States, the data for the National Reports are based on different monitoring 
systems and data. Monitoring according to Article 11 has been partly integrated into 
already existing procedures or only data has been extracted from already existing 
procedures. Independent monitoring programmes specially developed for Article 11 
monitoring exist merely in a few countries (Germany, Denmark, Latvia, as well as the 
Czech Republic). Austria is currently developing Article 11 monitoring.

II.a) How is the evaluation of single habitat plots (degree of conservation) included in the 
assessment of the parameter ‘structure and functions’ as part of conservation status at bio-
geographical level?

The assessments of single monitoring plots are integrated into the assessment of the 
parameter ‘structure and functions’ in all examined monitoring approaches. However, 
the employed methods differ between States and are elaborated in the following ques-
tions. Table 2 shows a summary of all answers.

II.b) Is there a uniform assessment scheme for each habitat type on site or plot level in your 
State?

Wallonia, Germany, Denmark, Latvia, Lithuania, the Netherlands, Austria, Romania, 
Sweden, the Czech Republic and Hungary have a standardised assessment scheme. 
Denmark, Hungary and Germany revised their schemes for the reporting period 
2013–2018. In Ireland, the assessment methods for each habitat type are similar but 
not always the same because different approaches work better for some habitat types 
depending on the heterogeneity of habitat type. Some countries, like Sweden or Hun-
gary, have standardised assessment schemes for groups of habitat types, such as forest 
and grassland habitat types.
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II.c) If no uniform assessment scheme exists: How is the evaluation of habitat types carried out?

Most Member States have standardised assessment schemes. In Hungary, assessment 
schemes are lacking only for a few habitat types. For these habitat types, experts con-
duct the assessment by using other data from nationwide biodiversity monitoring. 
In Sweden, habitat types without standardised assessment schemes are evaluated by 
experts based on existing data and expert opinion.

II.d) How is the review of the criteria/the degree of conservation on site or plot level carried out?

Except for Wallonia (Belgium), Member States calculated a degree of conservation 
(as in Germany) or a comparable assessment for each sample plot. In Wallonia, all 
features are aggregated at a biogeographical level and combined afterwards to a degree 
of conservation.

II.e) How was the assessment of the typical species referred to in Appendix V of the guidelines 
(Assessment and reporting under Article 17 of the Habitats Directive, Explanatory Notes & 
Guidelines) carried out for the period 2007–2012)? Which species groups were investigated?

The considered Member States, except for the Netherlands and Sweden, investigated 
plant species only; animal species are solely considered for assessment in special cases 
or as additional information. Member States either apply complete species lists or just 
use species typical for a habitat type or indicator species. In Germany, the assessment 
of habitat types dominated by vegetation is also conducted solely via number of typical 
plant species. Animal groups are included in the assessment of a few habitat types only 
(see question II.g in Suppl. material 1: Table S1).

II.f ) What method for monitoring the vegetation is recognized: Compilation of a com-
plete list of species, phytosociological relevés recording according to Braun-Blanquet, or other 
methods?

Many Member States compile, at least for some habitat types, lists of typical species. 
Only Denmark records complete species lists and three Member States perform phyto-
sociological vegetation mapping (Wallonia, Ireland, Lithuania).

II.g) Is a faunistic list also recorded – a complete list or only for certain groups of species? 
From which faunistic groups are typical species recorded?

Most Member States rarely used animal species, especially for assessment of habitat 
types with sparse or no vegetation of higher plants. Only Sweden lists animal species 
for assessment of a few habitat types. The most frequent animal groups are birds, but-
terflies and beetles (see also question II.e).
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II.h) Are the assessments of the criteria ‘habitat structures’, ‘typical species’, and ‘pressures 
and threats’ calculated separately for all sample plots? Or is the separately calculated degree 
of conservation of each sample plot used for aggregation?

Germany, Denmark, Ireland, Latvia, Austria, the Czech Republic and Hungary ag-
gregate the degree of conservation which has been calculated for each sample plot 
separately. Denmark is revising the method for calculating conservation status for the 
next report according to Article 17. Ireland is testing another method with an indi-
cator-based instead of plot-based assessment. For this method, individual features or 
criteria of many sample plots are directly aggregated at a biogeographical level without 
combining all relevant features or criteria of a single sample plot to a degree of conser-
vation. Similar assessments are already underway in Sweden. In Wallonia, assessments 
of some features are aggregated at the biogeographical level, while others are aggregated 
at the level of single sample plots.

In the Netherlands, the conservation degree of a habitat type (based on the 
requirements of the standard data forms) of each SAC is assessed separately and 
conservation degrees of respective habitat type of several SACs are subsequently 
aggregated according to their area percentage (see question II.d).

II.i) How is the parameter ‘structure and functions’ calculated at biogeographical level?

From the information supplied, it is concluded that four different approaches can be 
distinguished regarding the methods of Member States (see Table 2):

•	 Holistic assessment of single plots or single Natura 2000 sites and aggregation of 
the parameter ‘structure and functions’ according to a threshold for percentage of 
single assessments (Denmark, Wallonia – grassland habitat types, Ireland, Latvia, 
Austria, Romania, Czech Republic). This corresponds to monitoring of sample 
plots in Germany and assessment of the parameter ‘structure and functions’ ac-
cording to the proportion of C assessments of conservation degree.

•	 Calculation of an assessment at a biogeographical level of each individual feature and 
subsequent derivation of the parameter ‘structure and functions’ (Wallonia – forest habitat 
types). In Germany, a consistent value at a biogeographical level is only determined for 
the features ‘forest development phase’, ‘habitat trees’ and ‘dead wood’ of frequent forest 
habitats which are assessed based on data from the National Forest Inventory.

•	 Expert evaluation of the parameter ‘structure and functions’ without fixed rules 
for aggregation but based on individual features of all sample plots (Sweden). This 
method was occasionally used in Germany if monitoring would have resulted in 
‘unknown’ for some reasons (missing data for a part or all of sample plots).

•	 Assessment of conservation degrees in single Natura 2000 sites and aggregation 
to a status of the subparameter ‘structure and functions (without typical species)’ 
according to a threshold value for the area percentages of conservation degrees at a 
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Table 2. Assessment of parameter ‘structure and functions’ in Member States – row colours: violet – as-
sessment at single plot level, blue – assessment at Natura 2000 site level, orange – assessment at biogeo-
graphical level.

Member 
State

Habitat 
types

Threshold for 
favourable status 

FV (‘green’)

Threshold for 
unfavourable-

inadequate status 
U1 (‘yellow’)

Threshold for 
unfavourable-bad status 

U2 (‘red’)
Explanations

Austria All

A-proportion 
≥ 50% and 
C-proportion < 
33.3%

All other 
combinations

C-proportion > 33.3% 
and A-proportion < 50%

Assessment of conservation 
degrees of single plots

Wallonia 
(Belgium) Forest

All three criteria 
(structure, 
functions, 
regeneration) at 
biogeographical 
level FV

At least one 
criterion at 
biogeographical 
level U1 and no 
criterion U2

At least one criterion at 
biogeographical level U2

Assessment of each feature 
of single plots → averaging 
all assessments of a feature 
at biogeographical level (C 
weighted more strongly: A = 1, 
B = 2 and C = 4) → FV < 1.5 < 
U1 < 2.5 < U2

Wallonia 
(Belgium) Grassland No information No information No information Assessment of conservation 

degrees of single plots

Czech 
Republic All

< 10% of partial 
areas assessed as 
‘less favourable’ and 
‘unfavourable’

10-25% of partial 
areas assessed as 
‘less favourable’ 
and ‘unfavourable’

> 25% of partial areas 
assessed as ‘less favourable’ 
and ‘unfavourable’

Assessment of conservation 
degrees of single plots

Denmark All

> 50% 
A-proportion 
and > 75% 
A+B-proportion 
(= C-proportion 
< 25% and 
A-proportion > 
50%)

All other 
combinations

< 25% A-proportion and 
< 50% A+B-proportion 
(= C-proportion > 50% 
and A-proportion < 25%)

Assessment of conservation 
degrees of single plots

Germany All C-proportion ≤ 
20%

C-proportion  
> 20 and ≤ 25% C-proportion > 25% Assessment of conservation 

degrees of single plots

Hungary All No information No information No information

Assessment of conservation 
degrees of single plots. 
Naturalness-based habitat quality 
index (Németh and Seregélyes 
1989)

Ireland All C-proportion < 1% C-proportion 
1–25% C-proportion > 25% Assessment of conservation 

degrees of single plots

Latvia All No information No information No information

Assessment of conservation 
degrees of single plots (no 
assessment if total area of habitat 
type decreases > 1% per year 
during one reporting period)

Lithuania All No information No information No information Assessment of conservation 
degree at Natura 2000 site level

Netherlands All

If A-proportion 
≥ 75% and 
C-proportion ≤ 
15%

All other 
combinations

C-proportion > 25% and 
A < B + C

Assessment of subparameter 
‘structure and functions (without 
typical species)’ at Natura 2000 
site level

Netherlands All

Proportion of 
FV ≥ 75% and 
proportion of 
U2 ≤ 15%

All other 
combinations

Proportion of U2 > 25% 
and proportion of FV 
< proportion of  
(U1 + U2)

Assessment of subparameter 
‘typical species’ at 
biogeographical level in relation 
to proportion of species 
belonging to different species 
groups according to Red List
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Member 
State

Habitat 
types

Threshold for 
favourable status 

FV (‘green’)

Threshold for 
unfavourable-

inadequate status 
U1 (‘yellow’)

Threshold for 
unfavourable-bad status 

U2 (‘red’)
Explanations

Netherlands All 2 × FV At least 1 × U1 At least 1 × U2

Assessment of conservation 
status by aggregating assessments 
of subparameter ‘structure 
and functions (without typical 
species)’ and ‘typical species’ at 
biogeographical level according 
to EU evaluation matrix

Romania All

C-proportion 
< 20% and 
A-proportion ≥ 
50%

All other 
combinations

C-proportion ≥ 50% and 
A-proportion < 20%

Assessment of conservation 
degrees of single plots

Sweden All – – – Expert evaluation

biogeographical level. Furthermore, determination of the status of the subparameter 
‘typical species’ at a biogeographical level based on the categories of the Red List of 
all typical species and subsequent aggregation of both subparameters at a biogeo-
graphical level to the parameter ‘structure and functions (including typical species)’ 
according to the EU evaluation matrix. Only the Netherlands uses this method.

Although most Member States apply the first method, considerable differences 
exist between threshold values (see Table 2 and section 3.2). In Wallonia, the first two 
methods are used.

II.j) What is the significance and the statistical power of the monitoring/the assessment? How 
big is the minimum detectable difference between two reporting cycles (six years)?

None of the Member States surveyed made a statement on theoretical statistical 
strength of the samples or the monitoring. Either they did not understand the question 
or no calculations exist. The question did not aim at complete determined differences, 
but at the size of possibly detectable differences between two reporting periods.

Germany specified a significance level (α error) and a β error of 0.2 each. The 
power is 0.8. The applied Chi2 test yielded a minimum detectable difference of ≥ 30% 
for a sample size of 63 (Sachteleben and Behrens 2010).

II.k) Are reference documents or websites available for methods used? Is it possible to provide 
digital documents?

The information and further literature of Member States differ considerably. Addi-
tional information on Article 17 methodology beyond the questionnaire replies is not 
included. Lithuania, Denmark and Hungary only have information in their respective 
national language. The Czech Republic added all relevant information which has been 
integrated into the answers above. For the Netherlands, the documents from Bijlsma 
and Jansen (2014) and Jansen et al. (2014) were analysed.
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Assessment at biogeographical level

Besides the design of data collection (questions to point I), the assessment methods 
of the parameter ‘structure and functions’ at a biogeographical level are also particu-
larly important. The approaches of Member States differ considerably (see Table 2). 
However, most Member States who replied use the three grades of the EU assessment 
system for the conservation degree. The assessment of the degree of conservation 
comprises three grades: A – excellent; B – good; and C – average or bad. Some States 
assess degrees of conservation at the level of single plots; others assess degrees of 
conservation of habitat type areas in the respective Natura 2000 sites (Netherlands) 
and some States evaluate subparameters for assessment of the structure and functions 
directly at site or biogeographical level (Ireland, Wallonia – e.g. structural diversity 
in forests). Sometimes, experts are consulted in borderline cases or for subparameters 
which are difficult to obtain.

Only four Member States (Germany, Ireland, Netherlands, Czech Republic) ap-
ply the threshold value defined in the reporting format for an inadequate-bad status if 
more than 25% of the area is inadequate (Table 2), but in the Netherlands, it is linked 
to additional conditions. Another three Member States (Denmark, Austria, Romania) 
also assess the proportion of C assessments but use different threshold values and con-
sider the proportion of A assessments as well.

The 25% specification of the reporting format is unclear if individual features are 
assessed at a biogeographical level and then aggregated to the criteria or directly to the 
parameter ‘structure and functions’. Although it is possible to aggregate individual 
features according to their proportion (based on area or quantity) of the respective as-
sessments (A, B or C), Member States can decide if one or more features of a criterion 
have to exceed 25% for a U2 assessment of the criterion.

If assessment of the individual features of conservation degrees is conducted by 
averaging for assessment of the three features of the criterion ‘species composition of 
the vegetation’ (as in Wallonia), the proportion of A assessments partly balances the C 
assessments. Thus, the ‘unfavourable’ status of a feature shows only with a much higher 
proportion of C assessments. The described example of Wallonia tries to compensate for 
this effect by weighting the proportion of C assessments higher than the other assessments.

An assessment of single features of the parameter ‘structure and functions’ may not 
be appropriate at the level of single plots (e.g. proportion of dead wood or habitat trees 
on very small sample plots of a few 100 m2). In this case, averaging of the value of the 
feature is conducted for all sample plots (e.g. forest habitat types in Wallonia, frequent 
forest habitat types in Germany). The assessment is ultimately carried out via a threshold 
for the calculated average values. In these cases, it is not possible to apply the 25% rule.

Discussion

Our analysis of relevant monitoring programmes of EU Member States reveals 
considerable differences in the interpretation and application of monitoring 
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according to Article 11 of the EU Habitats Directive and, thus, differences in the 
quality and quantity of monitoring data used for assessment of conservation status of 
habitat types. Only a few of the States who replied (Wallonia, Denmark, Germany, 
Hungary, Ireland) have established and already applied a special, standardised 
monitoring programme according to Article 11. Some States have used data from 
existing monitoring programmes (e.g. large-scale forest inventories: Wallonia, 
Austria, Romania, Sweden, Germany [for 5 frequent forest habitat types]; landscape 
monitoring in Sweden) for monitoring according to Article 11. Many States are still 
developing or implementing their monitoring schemes (e.g. Austria, Lithuania) or 
revising it (e.g. Sweden – landscape monitoring).

Monitoring of structure and functions of a habitat type targets the determina-
tion of significant changes in conservation status. For its sample plots, each Member 
State defines which type of changes it specifically investigates, the criteria or indica-
tors used for the analysis, the number of repetitions (in a reporting period) and the 
extent of tolerable changes in criteria/indicators. Thus, it is impossible to combine 
assessments of sample plots from different Member States at a biogeographical level 
or compare them directly.

An overall monitoring programme in all Member States would have many poten-
tial advantages but it would result in an enormous effort of coordination and develop-
ment, not least because of very different manifestations of many broadly defined habi-
tat types (e.g. regarding their floristic composition) within their European distribution 
area (compare Bunce et al. 2013 on the field identification of habitat types). Neverthe-
less, we recommend regional cross-border cooperation, especially for implementation 
of a monitoring programme in small Member States or if a Member State has only a 
small proportion of a biogeographical region. Thus, disproportionate effort in areas 
with a small occurrence of a habitat type can be avoided without completely foregoing 
monitoring in these parts. An analogous cooperation has been suggested for the Alpine 
region of Austria and Germany (Bavaria) (National Report 2013).

Lengyel et al. (2008b) describe the essential requirements for integration of data 
and monitoring schemes. The most important foundation is a consistent typology of 
habitat types, as mostly given in the Habitats Directive (EC 2013, Evans 2006; see 
Evans 2010 on the differences between Member States). In Germany, this typology of 
habitat types enabled joint monitoring of habitats conducted by the Federal States in 
the first place (Sachteleben and Behrens 2010). The Federal States had been developing 
their own classifications for decades before the Habitats Directive was implemented 
(Riecken et al. 2003). Various vegetation classifications have also been developed at the 
regional/national level of the European States, which form the basis for the definition 
of habitats and may only be partially compatible with the recently published European 
checklist (Mucina et al. 2016).

Most Member States apply sample-based monitoring schemes which are based on 
field mapping of single occurrences of specified target habitats (‘field mapping-based, 
targeted monitoring schemes’ sensu Lengyel et al. 2008a). The survey method in the 
field and the design of sample plots are very important for comparability and integra-
tion of results of monitoring schemes.
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The number of sample plots per habitat type and methods of selecting samples dif-
fer considerably between Member States. The number of sample plots depends mainly 
on the frequency of a habitat type in most Member States. Sample plots are partly se-
lected systematically based on criteria such as spatial distribution, size or manifestation 
of habitat types, while the representativeness of plots is usually evaluated by an expert.

This analysis did not include the application of remote sensing methods for moni-
toring the structure and functions of habitat types. Nevertheless, it can be assumed 
that remote sensing methods are used only sporadically in inaccessible regions (e.g. 
high mountains in the Alpine region), apart from the application of aerial images for 
mapping of habitat types. On the one hand, it is almost impossible to recognise habitat 
types even with satellite data; on the other hand, the responsible project managers so 
far lack access to the necessary data, computing capacity, standardised analysing tools 
and specific knowledge. The rapid development in this field could possibly lead to 
many innovations, as well as in monitoring of habitats (e.g. Buck et al. 2015, Corbane 
et al. 2015, Schmidt et al. 2017, Vanden Borre et al. 2017).

The individual Member States (or even sub-regions like Wallonia in Belgium) also 
define the criteria and thresholds for assessment of the quality of single occurrences of 
habitat types. Although the EC was able to provide a standardised reporting format 
for the reporting period 2001–2006, as required by the Habitats Directive, further 
development of this format, including some methodical harmonisations, required long 
and comprehensive preparations by EU working groups for both subsequent reports. 
Thus, it seems unlikely that the detection of changes in habitat types at the level of single 
sample plots could be successfully standardised for many Member States or complete 
biogeographical regions. Even though methodical approaches of European monitoring 
of habitats have been developed (Bunce et al. 2005, Brus et al. 2011, Metzger et al. 
2013), they focused on common habitats or general ecosystem monitoring. Therefore, 
integration of previously existing Member State monitoring schemes is the preferable 
option (see Henry et al. 2008).

Harmonisation/integration could be achieved by standardisation of derivation 
methods of the overall assessment of the parameter ‘structure and functions’ at a 
biogeographical level by Member States. Most Member States who replied have 
standardised schemes for assessment of the conservation degree of single sample plots. 
The degree of conservation is defined by the EU decision on the standard data forms 
of the SACs and is composed of three criteria: ‘conservation degree of the structure 
(including typical species)’; ‘conservation degree of the functions’; and ‘restoration 
possibility’ (EC 2011b). The criteria of Member States partially comply with the EU 
definition, but mostly pick up the three grades of the EU assessment system (see section 
3.2). Thus, overall assessment of all sample plots at a biogeographical level offers the 
best chance to harmonise assessment methods.

The evaluation matrix according to Annex E of the reporting format (EC 2016) 
is essential for this final assessment step, in this context for the parameter ‘structure 
and functions’. It defines the status of the structure and functions of a habitat 
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type as favourable if all the criteria mentioned above are assessed as good and no 
significant deterioration or pressures exist. An unfavourable status is subdivided into 
‘unfavourable-inadequate’ and ‘unfavourable-bad’. The latter is attained if more than 
25% of the area of a habitat type is evaluated as ‘unfavourable’ regarding structure 
and functions (including typical species). Some Member States deviate from these 
specifications (see 3.2). The 25% threshold is sometimes ignored, sometimes replaced 
or supplemented by minimum proportions of sample plots with ‘excellent status (A)’. 
The inclusion of proportion of sample plots with an A status into the assessment 
seems appropriate considering the protection of habitat type. The changes in A-plots 
to B-plots, which do not affect the assessment if only the C proportion is considered, 
still constitute a deterioration in status of a habitat type. Furthermore, A-plots can 
substitute (regarding their function) C-plots only if these are in close spatial proximity. 
Thus, it is critical to comply with the prescribed maximum C proportions solely 
mathematically regarding comparability of the results of Member States. The matrix 
does not contain a threshold for the definition of a favourable status which has led to 
values between 1% and 20% for the proportion of C assessments in Member States. 
The EC suggests an area proportion of 90% with a ‘good’ status of structure and 
functions (DG Environment 2017). As this was controversial within Member States, 
the threshold value for the next reporting period is expected to be discussed again.

Our analysis also revealed that consideration of animal species is a weak point in 
monitoring schemes of habitat types in almost all Member States. This contradicts the 
definition of ‘conservation status of a natural habitat’ according to Article 1e) of the 
Habitats Directive, which states that the conservation status of a habitat type is favour-
able if, inter alia, the conservation status of the typical species of this habitat type are 
favourable. This definition includes animal species, but also fungi, which are presum-
ably also not, or hardly taken into account in monitoring programmes.

Another difficulty of monitoring schemes is that sample plots may be selected 
regarding the number and distribution of occurrences, but regardless of widely vary-
ing area sizes of different occurrences of a habitat type. At least in Germany, this is 
the case and leads to a lack of representativeness in terms of total distribution area of 
a habitat type. The different quantities of sample plots per habitat type both absolute 
and concerning the relative size of a Member State have been mentioned already. 
Furthermore, in most Member States, no information is available on statistical robust-
ness regarding the detectability of changes in status of a habitat type (in two or more 
reporting periods) based on the analysed samples. For assessment of conservation 
status of a habitat type, information on occurrences inside conservation areas as well 
as outside these areas is necessary. Thus, most Member States consider sample plots 
within and outside their protected areas in their monitoring schemes. No Member 
State has been able to detect statistically robust differences so far, but some expect to 
do so in the next reporting periods.

A European-wide analysis (meta-analysis), considering data from different 
national monitoring programmes based on one or more indicators (e.g. completeness 
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of the species inventory, habitat quality) or trends, could possibly result in improved 
assessment of habitat types at a biogeographical level in the EU. Thus, it could be 
possible to enhance the sample size, the accuracy of estimation (e.g. of trends), 
temporal coverage and probably statistical power without increasing the number of 
sample plots within Member States (Henry et al. 2008). An appropriate evaluation 
method remains to be developed and will need to take account of different sample 
designs (number and selection of sample plots), for example by weighting (post 
stratification). Henry et al. (2008) discuss methodical approaches to that. It has to be 
determined if the usage of classes (A-B-C assessment of the sample plots), which have 
been calculated based on different indicators, enables a sufficiently precise detectability 
of changes in status of habitat types.

Nevertheless, Member States are obliged to fill the gaps in geographical cover-
age of single habitat types, i.e. to develop monitoring programmes at a national level 
where they are still missing. To improve comparability of results of assessments of a 
habitat type between Member States, simple minimum requirements regarding sample 
size and assessment methods for biogeographical regions (within the Member States) 
should be agreed upon at the EU level.

From the authors’ point of view, the following points describe best practices im-
plemented so far and emerge as potential recommendations for sample-based habitat 
monitoring for the parameter ‘structure and functions’:

•	 assessment of all habitat types of a Member State according to individual assess-
ment schemes, separated by biogeographical regions,

•	 sufficiently large sample size to be able to estimate changes in condition of a habi-
tat type with sufficient certainty (Denmark appears exemplary here),

•	 stratification of samples according to the areal proportion of habitat types and 
whether they are located within or outside the SACs,

•	 survey of habitat types on fixed permanent sampling plots,
•	 examination of each sampling plot at least in one year of each reporting period, 

several times in the case of anthropozoogenic habitat types which respond quickly 
to changing land use or pressures,

•	 consideration of typical plant species at least by means of roughly quantified spe-
cies lists or vegetation surveys,

•	 consideration of typical animal species of well-known groups of species with a 
known indicator function in the assessment of habitat types,

•	 normally, status of a habitat type is evaluated first at the level of the sample areas 
and then aggregated at the level of the biogeographical region.

Currently there is no monitoring programme for any of the Member States 
examined that already covers all these points. However, some recommendations are 
already being implemented in some Member States´ monitoring programmes. Further 
points to consider in the evaluation of habitat monitoring programmes, including 
benchmarks to compare current practices, can be found in Lengyel et al. (2018).
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Abstract
Colombia, one of the most biodiverse countries in the world, is entering a peaceful period after more 
than fifty years of armed conflict. Due to land use changes resulting from this new situation, negative ef-
fects on biodiversity, including mammals are expected. We think that mammal populations will be more 
sensitive in municipalities where activities related to post-conflict will be carried out. In that order, we 
aim to: 1) identify which mammal species would be more sensitive and 2) identify the critical regions 
where there is higher richness of sensitive mammals. We used the distributions of 95 mammal taxa and 
calculated a sensitivity index by combining four factors: 1) the proportion of each species distribution 
within protected areas in relation to their proposed extinction thresholds, 2) the proportion within 
post-conflict municipalities, 3) the proportion of five types of potential land use in post-conflict munici-
palities and 4) the threat status of each species. Using this index, we drew a map of species richness for 
mammals classified at high-risk and very high-risk categories. Primates were the most sensitive group to 
post-conflict changes. Urabá and the region near to the Serranía de San Lucas were the areas with the 
highest richness of sensitive species. We suggest using primates as flagship species to carry out conserva-
tion schemes in the post-conflict era in programmes led by local farmers and former fighters who have 
been reintegrated into civilian life.
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Introduction

After more than 50 years of armed conflict in Colombia, the Government and FARC 
(Revolutionary Armed Forces of Colombia), the oldest guerrilla army from Latin 
America, signed a peace agreement in 2016. One of the central points in such agree-
ment is rural reform (Gobierno Nacional and FARC-EP 2016). As a consequence, it is 
expected that many people who suffered forced displacement will return to rural areas. 
This immigration process could represent a risk for biodiversity due to expansion of the 
agricultural frontier in formerly abandoned lands (Negret et al. 2017).

Colombia is a megadiverse country (Andrade 2011) that encompasses two biodiversity 
hotspots (Myers et al. 2000) and holds 518 mammal species (Ramírez-Chaves et al. 2016). 
Mammals are important due to their economic importance and ecological value (Ceballos 
and Brown 1994), but their populations around the world are threatened by several an-
thropogenic factors, including those related to armed conflicts (Ceballos and Ehrlich 2002, 
Dudley et al. 2002, Daskin and Pringle 2018). Notwithstanding, there are no specific 
studies analysing the relationship between warfare and mammals population in Colombia.

War in Colombia has had both negative and positive effects on biodiversity. Forests 
from many areas were cleared for illicit crop plantations, mining and land grabbing for 
cattle ranching. In addition, terrorist attacks spilled oil causing pollution over vast ar-
eas (Dávalos et al. 2011, Sánchez-Cuervo and Mitchell 2013, Asociación Colombiana 
del Petróleo 2014). On the other hand, due to the violence, vegetation regrowth and 
absence of human disturbance in many abandoned areas may have preserved biodiver-
sity (Sánchez-Cuervo and Mitchell 2013).

In the current post-conflict era, many social and environmental changes are ex-
pected in Colombia (Baptiste et al. 2017, Negret et al. 2017). Experiences from other 
countries have shown that some activities related to post-conflict, such as resettlement 
and rural reforms, can have negative effects on biodiversity (Suarez et al. 2018). These 
effects may be exacerbated in Colombia by the low representation of threatened areas 
and endemic species within protected areas (Forero-Medina and Joppa 2010). In the 
Colombian case, we expect biodiversity –and specifically mammal species– will be af-
fected mainly in those areas where post-conflict activities will be carried out. As many 
mammal species are sensitive to human activities, it is important to identify which ar-
eas and species would need more attention in that new scenario. With the premise that 
environmental changes will follow in municipalities where peace agreements are to be 
implemented, we aim to: 1) identify which mammal species are most sensitive and, 2) 
identify critical regions where negative effects on mammals are most likely.

Methods

Study Polygons selection

We selected mammals from six orders (Artiodactyla, Carnivora, Cingulata, Perissodac-
tyla, Pilosa and Primates) with known distributions in Colombia. Species distributions 
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were downloaded from the IUCN Red List of Threatened Species (IUCN 2017) and 
the digital tool BioModelos (Instituto Humboldt 2017).

We considered as post-conflict areas, the polygons retrieved from the Departa-
mento Administrativo Nacional de Estadístca (DANE 2017) of the 170 municipali-
ties, where activities related to rural reform will be carried out to develop the rural 
economy, according to Decree 893 of 2017 (Ministerio de Agricultura y Desarrollo 
Rural 2017). Additionally, we used polygons of national protected areas retrieved from 
the Colombian National Parks (Parques Nacionales Naturales de Colombia 2017) and 
polygons of the types of potential land use retrieved from the Instituto Geográfico 
Agustín Codazi (IGAC 2018).

Risk evaluation

To identify the sensitivity of mammal species to post-conflict land use change, we 
calculated the proportion of its distribution that overlaps with post-conflict areas and 
protected areas. Additionally, we calculated the proportion of species distribution that 
overlaps with five main types of potential land use for Colombia, only within mu-
nicipalities of post-conflict in QGIS software (2.14.8-Essen). Then, we developed a 
sensitivity index (S) for each species considering four factors:

where TS is the threat status according to the classification of the IUCN Red List of 
Threatened Species (IUCN 2017). PAET is an index that relates the proportion of the 
distribution of each species within national protected areas and its proposed extinction 
threshold. Post is the proportion of the distribution of each species within post-conflict 
areas and PLU is the proportion of the distribution of each species within a type of 
potential land use in post-conflict municipalities. TS, PAET, Post and PLU ranged be-
tween 0 and 5 each. Thus S varied from 0 to 20 and was classified into five categories: 
non-risk (S = 0), low-risk (0 < S < 5), middle-risk (5 ≤ S < 10), high-risk (10 ≤ S < 15) 
and very high-risk (S ≥ 15).

As detailed information about population structure of each species across all the 
country is unknown, we therefore used the threat status (TS) of the species as a proxy 
of extinction proneness since it is related to a quantitative measure of reduction in 
population size in a temporal scale and geographic range (IUCN 2012). We assigned 
TS values for each species according to the following: Least Concern (LC) = 0; Data 
Deficient (DD) or Not Evaluated (NE) = 1; Near Threatened (NT) = 2; Vulnerable 
(VU) = 3; Endangered (EN) = 4; Critically Endangered (CR) = 5.

Considering that any place outside protected areas will be more vulnerable to 
changes in land use in the post-conflict era, it is expected that species with a higher 
proportion of their distribution within protected areas will be less vulnerable. Then, 
we considered each protected area as a ‘patch of habitat’ and that each species would 
need an amount of habitat (i.e. proportion of its distribution overlapped with pro-
tected areas) equivalent to its extinction threshold to maintain a population in 
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equilibrium (Fahrig 2001). Previous simulations highlight that the four main fac-
tors determining extinction threshold are (from least to most important): habitat 
pattern, matrix quality, dispersal rate and reproductive rate (Fahrig 2001). As body 
weight of mammals is negatively related to reproductive rate (Western 1979), we 
expect that the greater the body size, the higher the extinction threshold. Thus, we 
used body mass of each species (or the average mass of the genus) (Jones et al. 2009) 
to classify them into four categories: small (< 1 kg), medium (1–5 kg), large (5–15 
kg) and very large (> 15 kg). We defined the extinction threshold for each species 
knowing a priori that a species like Panthera onca (a very large species) need at least 
50% of its distribution within protected areas to maintain its subpopulations in 
lower risk (de la Torre et al. 2018). Then, we used species body weight to classify 
the extinction threshold for our species as 50% of remaining habitat for very-large, 
40% for large, 30% for medium and 20% for small species. We used each thresh-
old as the amount of habitat needed within protected areas to guarantee adequate 
protection for each species, and calculated the relationship between the proportion 
of the distribution of each species within national protected areas and its proposed 
extinction threshold (PAET) as:

where pa is the proportion of the distribution of each species within national protected 
areas and et is the extinction threshold applied for the species considering its body 
weight.

We assumed that the greater the post-conflict area overlapped with species distri-
bution, the greater the negative effect on the species. However, the effects will be more 
negative in municipalities where more people will return in the post-conflict era since 
this immigration process is a driver of environmental impacts in the post-conflict era 
(Suarez et al. 2018). Consequently, we used the number of displaced people in each 
municipality between 1993 and 2013 (Consejería Presidencial para los Derechos Hu-
manos 2015, Unidad para las Víctimas 2018) as the surrogate number of people that 
might return to each municipality. Then we calculated the proportion of the distribu-
tion of each species within post-conflict areas (Post) as:

where Aj is the proportion of a species distribution within the municipality i and disp is 
a factor associated with each municipality according to the number of displaced people 
(dp): disp = 0.7 (dp < 10,000), disp = 0.8 (10,000 ≤ dp < 25,000), disd = 0.9 (25,000 
≤ dp < 50,000) and disp = 1 (dp ≥ 50,000).

Peace agreements between the Colombian Government and FARC have a special 
focus on rural reform to carry out agricultural activities according to the potential land 
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use (Gobierno Nacional FARC-EP 2016). Negative effects on biodiversity depend of 
the land use, being most negative on croplands and least negative on uses that maintain 
natural vegetation to some extent (i.e. extractivism) (see Newbold et al. 2015). We 
selected five main types of potential land use proposed for Colombia: conservation, 
forestry, agroforestry, cattle ranch and agriculture. These potential uses are based on 
the natural capacity of the land to support a given activity under sustainable conditions 
(IGAC 2012). We calculated the proportion of the distribution of each species within 
a type of potential land use in post-conflict municipalities (PLU) as:

where Aj is the proportion of a species within a type of potential land use j and lu is 
a factor associated with each land use according to the intensity of use: lu = 0.2 (con-
servation), lu = 0.4 (forestry), lu = 0.6 (agroforestry), lu = 0.8 (cattle ranch) and lu = 
1 (agriculture).

Finally, we created a grid on a map of Colombia using squared cells of 0.1° (ap-
proximately 10.6 km). Then the species richness was calculated in each cell by overlap-
ping all species distributions and considering that a given species was present if the cell 
occupancy was greater than 50%. We created two maps: one considering all present 
species and another considering only species classified at high-risk and very high-risk 
according to our sensitivity index to identify critical regions where negative effects on 
mammals are most likely. Both maps were designed using the SAM Software Version 
4.0 (Rangel et al. 2010).

Results

We obtained spatial distributions of 95 taxa: 44 primates, 26 Carnivora, nine Artio-
dactyla, seven Pilosa, six Cingulata, and three Perissodactyla (see Suppl. material 1: 
Table S1: mammal species used in the analysis). A total of 36.84% of all species were 
classified as low-risk, 48.42% as middle-risk, 13.68% as high-risk and 1.05% as very 
high-risk (represented only by the primate species Plecturocebus caquetensis). No species 
was classified as non-risk (Figure 1). With 12 out of 44 species classified as high-risk 
and very high-risk, primates are the mammal group that is most sensitive to post-
conflict changes in Colombia. Tapirus bairdii (Perissodactyla) and Mazama temama 
(Artiodactyla) were also classified as high-risk (Figure 2).

Amazon and some points from the Orinoco region (including the eastern side of 
the Cordillera Oriental) were the areas with greatest overall species richness, followed 
by the Serranía de San Lucas and the transition zone between the Caribbean and the 
Pacific region near to the Urabá Gulf (Figure 3a). The areas with highest richness of 
sensitive species were those near to Urabá Gulf (municipalities of Turbo, Chigorodó 
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Figure 1. Proportion of mammal species amongst six orders within each category of sensitivity in the 
Colombian post-conflict era. Non-risk (S = 0), low-risk (0 < S < 5), middle-risk (5 ≤ S < 10), high-risk 
(10 ≤ S < 15) and very high-risk (S ≥ 15).

Figure 2. Most sensitive (S ≥ 10) mammal species in Colombian postconflict areas and the contribution 
of each of the four factors to the sensitivity index (S). TS: threat status; PAET: relationship between the 
proportion of the distribution of each species within national protected areas and its proposed extinction 
threshold; Post: proportion of the distribution of each species within post-conflict areas; PLU: propor-
tion of the distribution of each species within a type of potential land use in post-conflict municipalities.

and Mutatá in Antioquia, Tierralta in Cordoba and Riosucio in Chocó) and the region 
near to the Serranía de San Lucas (municipalities of Yondó, Segovia, El Bagre and Re-
medios in Antioquia and Arenal, Cantagallo, Morales, San Pablo, Santa Rosa del Sur 
and Simití in Bolivar) (Figure 3b).
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Figure 3. a Mammal species richness in Colombia considering the distribution of 95 taxa of six orders. 
b Critical regions (Urabá and Serranía de San Lucas) where negative effects on mammals are most likely con-
sidering only those species classified as high-risk and very high-risk in post-conflict era (S ≥ 10). Black poly-
gons correspond to the 170 municipalities used as post-conflict areas and green polygons to protected areas.

Discussion

Increased attention has been given to the effects of warfare on biodiversity in the last two 
decades and Colombia is one of the areas of special attention (Dudley et al. 2002, Han-
son et al. 2009, Lawrence et al. 2015, Daskin and Pringle 2018, Hanson 2018, Suarez et 
al. 2018). Colombia not only holds the Tropical Andes and the Tumbes-Chocó-Magda-
lena as biodiversity hotspots, but is also part of the Amazon region, the greatest extension 
of tropical forest on the earth (Myers et al. 2000, FAO ITTO 2011). Preserving these 
areas is not only of national concern, but also of global interest due to their contribution 
of these regions to global biodiversity, high endemism of plants and fauna and regulation 
of global climate (Myers et al. 2000, Werth and Avissar 2002, Malhi et al. 2008).

We found that post-conflict alterations in Colombia represent a threat to many 
mammal species and that primates are the most vulnerable group to such alterations. 
As forest dwelling animals, primates are highly sensitive to deforestation, as well as oth-
er animals such as the Baird’s Tapir, that also depends on closed canopy forests (Matola 
et al. 1997). Other international examples support the fact that many species might 
be highly impacted by forest loss during the post-conflict era in Colombia. When 
civil war ended in Nicaragua, deforestation increased because many people returned to 
rural areas (Stevens et al. 2011). In addition, rapid forest loss was also documented in 
post-conflict periods in Bosnia, Liberia, Rwanda and Sierra Leone (Suarez et al. 2018).

Other human activities, such as hunting, may increase the threats to some primate 
species. For example, four Atelids and the Central American Red Brocket, which are 
classified as high-risk species in our study, face known hunting pressure (Weber and 
Gonzalez 2003, de Thoisy et al. 2005, Aquino et al. 2009) concomitant with post-
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conflict land-use change. Previous studies demonstrated that in the Rwanda Republic 
and the Democratic Republic of Congo for example, bushmeat hunting increased after 
peace negotiation, affecting ungulates and the emblematic flagship species Gorilla spp. 
(Plumptre et al. 1997, Glew and Hudson 2007). Increased hunting also caused wildlife 
decline in Cambodia during its post-conflict era (Loucks et al. 2009).

We found that areas near to the Serranía de San Lucas and Urabá gulf are the most 
critical regions since they host the largest numbers of mammals considered at risk ac-
cording to our sensitivity index. Historically, some guerrillas in San Lucas imposed 
environmental restrictions for locals to preserve the area, such as prohibition of hunt-
ing and logging and they planted landmines to avoid mining and logging by foreign 
people (Dávalos 2001). Nevertheless, after the peace agreement, FARC abandoned this 
area, ending this protective measure. The National Liberation Army (ELN) is another 
armed group that still occupies some areas in Colombia and has similar environmental 
policies (Dávalos 2001). However, ELN and the Colombian Government have been 
under negotiations since 2017 and a similar effect on biodiversity could arise should 
such negotiations succeed, not only due to the absence of environmental control im-
posed by guerrillas, but also due to the changes related to land use inherent in the new 
peace agreement. On the other hand, armed conflict displaced more than 10,000 peo-
ple in some municipalities from Urabá (see database in Consejería Presidencial para los 
Derechos Humanos 2015 and Unidad para las Víctimas 2018). As a consequence, we 
expect the return of a large number of people to this region, leading to deforestation, 
increased hunting and raising the risk of local extinctions.

The relationship between biodiversity and warfare can be separated in three stages: 
1) preparations, 2) war and, 3) post-war activities (Machlis and Hanson 2008). As the 
Colombian conflict is old (more than 50 years), it is difficult to gather information 
related to biodiversity in the former stage (i.e. pre-war). However, current geopolitical 
and social scenarios provide an opportunity to guide the Colombian government in 
thinking about the last two stages. Concerning the second stage, there are other armed 
groups in Colombia disputing territories in a few regions of the country and they have 
dominion or take advantage of the gap left by the former armed groups. In this case, 
the government can carry out actions to reduce the negative effects of this regional-
ised war on biodiversity and environment. Such actions may include (1) increasing 
research, (2) applying the resolutions of the United Nations against pollution in war 
time and the environmental protection in conflicts areas and (3) taking into account 
the “International Day for Preventing the Exploitation of the Environment in War 
and Armed Conflict” (Hanson 2018). Concerning the third stage, primates, similar 
to birds (Ocampo-Peñuela and Scott 2017), could be targeted by touristic activities 
in the post-conflict era or became flagship species in a “green economy based on low-
emissions land/resource use systems” (Baptiste et al. 2017).

Increasing the protected areas should be a government strategy associated with the 
rural reform to prevent biodiversity losses during the post-conflict period. The critical 
regions for the implementation of such protected areas would be areas near to Urabá 
Gulf and Serranía de San Lucas, since they harbour most of the high-risk species from 



Vulnerability of mammals to land-use changes in Colombia’s post-conflict era 87

this study. Most of the species classified as high-risk or very high-risk in our analysis 
have less than 10% of their distribution under legal protection. The most critical case 
was Plecturocebus caquetensis, the single very high-risk species in our analysis that oc-
curs outside of the most critical areas in post-conflict: its distribution does not overlap 
any protected area, its entire distribution is within post-conflict area and it was recently 
classified amongst the world’s 25 most endangered primates (Defler et al. 2017). This 
species, similar to others, demands urgent conservation schemes, such as economic 
incentives for the establishment of private protected areas and agro-silvoforestry plots 
(Baptiste et al. 2017) in programmes led by local farmers and former fighters who have 
been reintegrated into civilian life. This option is highly feasible taking into account 
the forestry vocation of Colombia (IGAC 2012). For this reason, the government 
needs to consider the current types of potential land use of Colombia in the post-
conflict era to avoid biodiversity loss, as evidence around the world has shown that 
some environmental drivers of change in post-conflict countries are “ineffective land 
use planning” and “unsustainable agricultural practices” (Suarez et al. 2018).

Conclusions

Around the world, in the last half of the past century, more than 80% of armed con-
flicts took place within biodiversity hotspots (Hanson et al. 2009). Therefore, mitigat-
ing warfare impacts is imperative for biodiversity conservation, as many conflicts of 
state-based violence and non-state violence have been increasing in the last century 
throughout the globe, including countries such as Mexico, Somalia, Syria and Myan-
mar (UCDP 2018), which host biodiversity hotspots (Myers et al. 2000, Mittermeier 
et al. 2004). As other conflicts are certain to occur in the future, approaches such as 
ours may aid other conflict areas to promote biodiversity conservation when these 
conflicts are over.

When the environmental context is not cohesive with peace agreements, several 
drivers of environmental change can emerge (Suarez et al. 2018). In that order, con-
servation planning is vital for peace building in regions of high biodiversity (Lujala 
and Rustad 2012). Some countries reached a peace agreements in the last 30 years, 
for example: El Salvador (1992), Rwanda (1993), Bosnia and Herzegovina (1995), 
Sierra Leone (2000), Liberia (2003) and Burundi (2008) (Suarez et al. 2018). These six 
countries and Colombia have a common denominator and can prospectively induce 
positive changes within their territories if peace is ongoing, because high biodiversity 
make people more resilient when war has devastated their society (Hanson 2018). 
Since biodiversity can be seen as an opportunity for peace building, it is important 
to work together with locals, researchers and former fighters with financial support to 
bring welfare to the people without threatening the biodiversity (Hanson 2018).

This first evaluation of the possible consequences of the peace agreement between 
Colombian government and FARC on mammals can help to improve the current sce-
nario of peace in Colombia. Fourteen species classified at high-risk or very high-risk cat-
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egories need to be included in schemes for conservation based in local initiatives led by 
former fighters and victims of armed conflict. Experiences from Asia, Africa and Central 
America have shown how the lack of planning can have negative effects on biodiversity, 
since impacts on the environment increase after cessation of conflict or peace treaties 
(Loucks et al. 2005, Glew and Hudson 2007, Suarez et al. 2018). In the current sce-
nario of political division in Colombia after the negative result of a plebiscite for peace 
in October 2016, there is a challenge for the new government that started on August 
2018, independent of its political ideology, to include in its environmental strategies 
the creation of protected areas in the biodiversity hotspot Tumbes-Chocó-Magdalena, 
specifically in Urabá and Serranía de San Lucas regions. As well as the sustainable use 
of the biodiversity (e.g. ecotourism approaches with locals and former fighters), using 
mammals as flagships species, especially primates, to prevent the biodiversity loss and 
its consequences. Additionally, we think the same analysis with other biological groups 
would be extremely useful for the design of conservation schemes, land use policies and 
rural reform programmes in order to prevent extinctions and to decrease threats to the 
species in Colombia, one of the most biodiverse countries in the world.
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