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1 Introduction 

Mixed cropping systems generally supports higher diversity and abundance of predators and 
parasitoids compared to monocrops, leading to lower pest populations (Root et al. 1973; Letourneau 
et al. 2011). Even though push-pull technology was developed to reduce pests directly via repelling 
and attracting plant odours, it is known that parasitoids are also attracted to some of the intercrops 
used (Khan et al 1997). Generalist predators have received much less attention, but it has been found 
that the abundance of spiders and earwigs can increase in push-pull systems (Midega and Khan 2003). 
To date, however, we completely lack a broader understanding of who-eats-who in African maize 
crops and how the resulting food web structure differs between cropping systems. An understanding 
of food-web structure is important as it provides insights into the stability and resilience of ecosystem 
functions such as pest control (Thompson et al. 2012; Feit et al. 2021). One of the primary aims of 
WP2 is therefore to map food webs of generalist predators and their prey in push-pull and non push-
pull maize systems (conventional plots) and to assess how redundant and climate resilient these food 
webs are.  

To map food webs, we sampled predators in push-pull and non push-pull maize fields in Rwanda and 
analysed predator gut content using metabarcoding (MGCA) (see also D2.3, October 2025). Based on 
results from the MGCA, we built bi-partite predator-prey food webs and compared the food-web 
structure in push-pull and non push-pull systems using a set of standard food web metrics. In addition, 
using a time-sorting trap, developed by the SLU team, combined with local measurements of 
temperature, we assessed thermal activity niches of different generalist predators and combined 
them into a community index of climate resilience that was compared between push-pull and non 
push-pull systems.  

We predicted that; 1) push-pull would support more specialised predators, resulting in reduced 
connectance, 2) push-pull would provide a higher diversity of alternative prey, resulting in higher 
interaction evenness and richness of prey per predator, and 3) push-pull would increase the 
redundancy and diversity of predator communities so that prey vulnerability (number of predators 
feeding on each prey) and climate resilience of predator communities would increase. 

 

2 Methods 

2.1 Field site selection and invertebrate sampling 

Invertebrate food webs were studied in 16 pairs of push-pull and non push pull fields in the Gatsibo 
district of Rwanda during two cropping seasons, 2022-2023; the long rainy season (March-July) and 
the short rainy season (September-January). Field selection procedures have been described in detail 
in D2.1 and D2.2 and are therefore not described further. Eleven of the non push-pull control fields 
consisted of sole-cropped maize, whereas two fields were intercropped with bananas, and one each 
with cassava, beans, and potatoes, respectively. The average size of push-pull fields was 0.02 ha, and 
that of non push-pull fields was 0.03 ha. 
 
Within each field, dry pitfall and time trap sampling were conducted across two seasons, with eight 
rounds per season.  

 

2.1.1 Dry pitfall traps  

Three parallel transects were first established along the maize rows in each field. To minimise edge 
effects, the first transect was placed 1 m from the field edge, while the second and third transects 
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were positioned 2 to 4 m inward from the previous one, maintaining consistent spacing. On the third 
transect, two dry pitfall traps were installed. Each trap was filled with clay balls to approximately one-
third of the cup's volume and was placed into the ground at a position corresponding to 25 % of the 
transect distance from each end of the transect. The rim of each cup was level with the ground surface 
to ensure unobstructed access for the arthropods. The traps were covered with a clear plexiglass 
sheet, positioned 3 cm above the ground and left exposed for 24 hours. After the exposure period, 
the dry pitfalls were removed. Using soft forceps, we carefully extracted the clay balls, gently collected 
the arthropod specimens and placed them individually into an Eppendorf tube containing 0.8 ml of 95 
% ethanol. Tubes were labelled with the plot ID, date, trap ID, sampling round, season and collector. 
Forceps were sterilised in 70 % ethanol between specimens, and samples were stored in -80°C as soon 
as possible. 

 

2.1.2 Time traps  

Time traps were operated to catch predators for 24 hr exposure periods divided into 1.5 hr trapping 
intervals. In the middle of the field, a hole was dug large enough to accommodate the time trap 
machine. Each of the collection vials was filled halfway with water mixed with unscented detergent. 
A power bank was connected to ensure the trap was functioning effectively and the time for battery 
connection was recorded. Once the wheel stopped moving, it was rotated so that vial number 1 
aligned with the collection funnel. The lid was then closed, and the trap was buried so that the rim of 
the funnel was level with the ground surface. The temperature feeler was located next to the funnel 
at approximately 2 cm above the soil surface. Traps were covered with a clear plexiglass sheet, 
positioned 3 cm above the ground and left exposed for 24 hours. Following the 24 hr trial, the traps 
were removed from the ground, and the specimens retrieved. Samples from each trapping interval 
(1.5 h) was kept separate in vials containing 70 % ethanol and stored at -80°C. Each vial was labelled 
with the plot ID, trap ID, vial number, sampling round, season and collector. 

To record additional temperature data, iButtons temperature loggers were installed in each field or at 
least in one of the paired fields. The iButtons were programmed to record after every hour, labelled 
and placed in a ziplock bag hanging on a stick in the middle of the maize field. The loggers were 
retrieved at the end of the season, and the data were downloaded for analysis. 

 

 

Figure 1: Traps used to catch invertebrates. a) time sorting trap used to estimate thermal activity niches of 
predators and climate resilience of predator communities, b) dry pitfall trap used to catch invertebrates for 

molecular gut content analysis. Photos: Mattias Jonsson 
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2.2 Molecular gut content analysis 

Predatory and omnivorous taxonomic groups were extracted from the samples for further analysis. 
Ants were omitted from MGCA because they usually contain PCR inhibitors. 

DNA was extracted by NARO, Uganda, while all other molecular analyses and bioinformatics were 
carried out by Bioname, Finland. 

 

2.2.1 DNA extraction 

DNA of the guts of predatory and omnivorous invertebrates (excluding ants) was extracted using the 
chelex 100 (Bio Rad Laboratories, Inc., United States) method (Walsh et al., 1991) as explained by Otim 
et al. (2018). Each sample was washed in sterile distilled water and a new sterile surgical blade was 
used to dissect each sample. The gut was placed in individual sterile 1.5 mL Eppendorf tube and 50 μl 
of 10 % chelex 100 resin solution was added followed by 10 μl (20mg/ml) of proteinase K solution 
(bioline). Individual samples were incubated at 56°C for at least overnight. They were then heat 
inactivated at 100°C for 15 min. The resulting mixture was centrifuged at 12800 rpm for 3 minutes and 
then 40 μl supernatant collected into a new sterile 1.5 ml Eppendorf tube and stored at -20°C. 

 

2.2.2 Polymerase chain reaction 

The DNA samples were amplified using one primer pair (Table 1). DNA was diluted 1:10 prior to PCR. 
BSA (20 mg/ml) was added to the PCR reactions at a volume of 0.28 μl. A positive synthetic DNA control 
(spike-in) was added to PCR reactions at a final concentration of 0.001 pg/μL. DNA purity and integrity 
were assessed by PCR success rate.  

All the primers included a linker-tag, to enable the subsequent attachment of NGS adapters. To 
increase the amplicon library diversity, each primer was used as two different versions, so that they 
included so called heterogeneity spacers between the linker-tag and the actual locus-specific oligo. A 
blank PCR control was added to each PCR batch to measure the purity of reagents and the level of 
cross-contamination. All PCR reactions were carried out as two technical replicates, and each replicate 
contained two heterogeneity versions of each primer. The reaction setup followed Kankaanpää et al. 
(2020). 

 

 
Table 1: Primers used in the analysis. Primers or adapters not included in the target length. 

 
 Locus Primer sequence Reference 

Primer pair: ANML   

Forward LCO1490 GGTCAACAAATCATAAAGATATTGG Folmer et al. 1994 

Reverse CO1-CFMRa GGWACTAATCAATTTCCAAATCC Jusino et al. 2019 

Taxonomic target Animal CO1   

Target length 181   

    

2.2.3 NGS Library preparation  

Library preparation followed Vesterinen et al. (2016) with minor modifications as follows.  
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We used a dual indexing strategy, where each reaction (including technical replicates) was prepared 
with a unique combination of forward and reverse indices. All the indexed reactions were then pooled 
and purified using GeneJet Gel kit (Thermo Scientific, ref K0691) as instructed in the manual.  
Sequencing was done on an Illumina NovaSeq X 10B Flowcell 2x150bp (Illumina Inc., San Diego, 
California, USA) run, including PhiX control library by the Turku Centre for Biotechnology, Turku, 
Finland.  

 

2.2.4 Bioinformatics  

Our bioinformatics pipeline closely followed Kaunisto et al. (2020). The specific steps are explained 
below.  

Paired-end reads were merged and trimmed for quality using 64-bit VSEARCH version 2.22.1 (Rognes 
et al. 2016) with the command ‘fastq_mergepairs’. The primers were removed from the merged reads 
using software CUTADAPT version 3.5 (Martin 2011) with 20% rate for primer mismatches and primer-
specific minimum and maximum length (ANML: min=171, max=191). Quality filtering was applied on 
the merged and trimmed reads using VSEARCH with one (1) maximum expected error. The reads were 
then collapsed into unique sequences (singletons removed) using VSEARCH. These unique reads were 
then denoised, filtered for chimeras, and collapsed into sequence variants (ZOTU, abbreviated from 
Zero-radius Operational Taxonomic Unit) using USEARCH version 11 UNOISE3 algorithm with default 
options (Edgar and Flyvbjerg 2015). According to Edgar and Flyvbjerg (2015), UNOISE algorithm 
performs well in (i) removing chimeras, (ii) PhiX sequences and (iii) Illumina artefacts.  

COI (ANML) sequence variants were assigned to taxa using BOLDSystems version 5 COI database 
(https://boldsystems.org/) with BOLDigger3 version 2.1.4 (Buchner and Leese 2020). SINTAX 
algorithm (Edgar 2010) was applied to detect synthetic spike-in control sequences using our own 
skipe-in sequences database.  

We used the following similarity thresholds to assign ZOTUs to taxa:  

species: probability >= 98%,  

genus: probability >= 96%,  

family: probability >= 90%,  

order: probability >= 85%,  

class: probability >= 80%,  

phylum: probability >= 80%.  

The majority of ZOTUs were assigned to species, genus, or family. 

The read counts for each ZOTU were normalised within each sample and each PCR replicate using a 
normalisation factor, which was calculated as proportion of synthetic DNA reads of the total number 
of reads within the replicate.  

Other non-target taxa (e.g. fungi, bacteria etc.) were filtered away. The data was then collapsed per 
taxonomic assignations, so that all reads per taxon was summarised within a sample.  

To estimate the robustness and stochasticity of the data, we calculated and plotted the reads in each 
replicate per sample and reads assigned per taxa in each replicate. 

After this, reads from both PCR replicates were summarised within each sample, if same taxa were 
found from both replicates.  

To estimate the proportion of reads that could have been misassigned during index demultiplexing 
(known as ‘tag-jumping’ or ‘sample cross-talk’), we calculated the proportion of non-synthetic reads 
(ANML: 105,416 reads) out of the total number of reads per synthetic control samples (ANML: 
36,841,271 reads) following Morrill et al. (2021). The estimation of tag-jumping was made 
independently for each primer pair. This revealed a tag-jumping rate per primer pair (0.285% for 
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ANML). Then, we removed any sequence variants with a proportion of reads less than the specified 
tag-jump rate of the total read sum of the sample-specific read number.  

For example, if summed reads (= total read count) for SampleX was 10,000, the ZOTU123 was removed 
from that specific sample, if there were less than 50 reads (tag-jump rate=0.5%: 10000*0,005) 
assigned for the ZOTU123 in SampleX.  

Most of the descriptive analyses in this report are carried out for 1) all taxa and 2) with refined target 
taxa. Low abundance taxa (= read count less than 2) were removed from the data.  

Along with absolute sequence read counts, relative read abundances, i.e. proportional summaries of 
counts, (Deagle et al. 2019) were also calculated. 

 

2.3 Analysis of food web structure 

Statistical analysis was done in R 4.5.0 (R Core Team, 2021). Before analysis, we removed detections 
that where not assigned to a taxon, and a detection identified as a marsupial, which we deemed 
impossible given the geographical scope of our data. We then transformed all prey detections to 
presence (prey taxon detected in the gut) or absence (prey taxon not detected in the gut).  

To visualise non push-pull and push-pull predator-prey networks, we aggregated the data across all 
fields, traps and sampling rounds per treatment. Then, we aggregated the prey data to order or 
superorder level to increase the readability of the bipartite network plots. We then used the ‘plotweb’ 
function from the ‘bipartite’ package to visualise the aggregate networks (Dormann, Gruber & Fründ, 
2008). 

To analyse differences between networks on the field level, we aggregated the interactions across 
traps and sampling round by plot. We used the function ‘networklevel’, again from the ‘bipartite’ 
package to calculate the network metrics. We chose four relevant indices for further analysis: a) 
connectance (realised proportion of possible links), b) interaction evenness (Shannon), c) prey taxon 
richness, and d) prey vulnerability (average number of predator groups predating on a prey species). 
One field was omitted from further analysis because the detection of only two interactions prevented 
any realistic calculation of network indices. To analyse differences between our two cropping systems, 
we calculated linear models (LMs) using the function ‘glmmTMB’ from the ‘glmmTMB’ package 
(Brooks et al., 2022), with one of the four indices as a response and cropping system as a predictor. 
We used a Gaussian error distribution for connectance, evenness and prey vulnerability, and a 
negative binomial error distribution for prey richness.  

All models were checked individually for collinearity and overdispersion (of residuals). Any remaining 
model assumptions were checked visually using the ‘DHARMa’ and ‘performance’ packages (Lüdecke 
et al., 2021; Hartig, 2024). We detected no violation of model assumptions. 

 

2.4 Analysis of climate resilience 

We quantified the climate resilience of predator communities using the functional redundancy 
framework of Feit et al. (2021). This analysis is based on predator capture data, thermal performance, 
and abundance patterns.   

Predator capture data were compiled from the catches of invertebrates in the time sorting traps 
across time in the two sample seasons for all 16 pairs of push-pull and non push-pull fields. Each record 
contained plot identity, season, and family-level taxonomic assignment, along with abundance per 
taxon and associated body mass and thermal trait parameters. 

Predators from the time traps were identified to the family level. From each family, 2-10 specimens 
were selected for the body size measurements, depending on their abundance. Each specimen was 
placed on graph paper (10 mm x 10 mm) and measured under a light microscope from the head to the 
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tip of the abdomen, excluding the antennae and limbs. Up to 10 replicates were measured per family 
where possible. 

For each taxon, we assigned a body mass (M, mg) and metabolic parameters a and b₀ from the 
temperature-dependent metabolic scaling model of Ehnes et al. (2011). The constants b₀ and a 
represent the normalisation constant and allometric scaling exponent, respectively. Following Feit et 
al. (2021), we replaced the exponential temperature term with a Gaussian thermal performance 
function to describe temperature-dependent activity. 

For each family i, we calculated the temperature-dependent predation contribution following Feit et 
al. (2021): 

 

𝐶𝐶𝑖𝑖(𝑇𝑇) = 𝑞𝑞𝑖𝑖 ×𝑁𝑁𝑖𝑖 × 𝑏𝑏0,𝑖𝑖 × 𝑀𝑀𝑖𝑖
𝑎𝑎𝑖𝑖 × exp [−

(𝑇𝑇 − 𝜇𝜇𝑖𝑖)2

2𝜎𝜎𝑖𝑖2
] 

 

where 𝑁𝑁𝑖𝑖= abundance of family 𝑖𝑖at a given site, 𝜇𝜇𝑖𝑖= thermal optimum, 𝜎𝜎𝑖𝑖= thermal niche breadth, 𝑞𝑞𝑖𝑖= 
scaling constant (set to 1), 𝑏𝑏0,𝑖𝑖= normalisation constant, and 𝑎𝑎𝑖𝑖= allometric scaling exponent. 

At each site and temperature 𝑇𝑇, functional redundancy was calculated as the exponential of Shannon 
diversity in the relative predation contributions: 

𝐹𝐹𝐹𝐹(𝑇𝑇) = exp (−�
𝑖𝑖

𝑝𝑝𝑖𝑖ln 𝑝𝑝𝑖𝑖) 

where 

𝑝𝑝𝑖𝑖 =
𝐶𝐶𝑖𝑖(𝑇𝑇)

∑𝑗𝑗 𝐶𝐶𝑗𝑗(𝑇𝑇)
 

Functional redundancy 𝐹𝐹𝐹𝐹(𝑇𝑇)represents the effective number of taxa contributing to predation at 
temperature 𝑇𝑇. 

Climate resilience was defined as the integral of functional redundancy across the realised 
temperature range [𝑇𝑇min,𝑇𝑇max]: 

Resilience = �
𝑇𝑇max

𝑇𝑇min

𝐹𝐹𝐹𝐹(𝑇𝑇) 𝑑𝑑𝑑𝑑 

Resilience estimates were summarised by management type (push–pull vs. conventional) and by 
sampling season. We compared treatments using independent t-tests (α = 0.05). Seasonal differences 
in resilience were evaluated with independent t-tests. All analyses were conducted in R version 4.3. 

 

3 Results 

3.1 Predator prey food webs 

Guts of in total 1613 invertebrate predators and omnivores were processed, 707 of which were caught 
in push-pull and 906 in non push-pull systems. In total, we detected 330 non-predatory taxa in the 
guts of 8 taxonomic groups assigned as predators or omnivores (hereafter predators; see also D2.3). 
The predator groups Carabidae, Ensifera, Staphylinidae, Araneae and Miridae were found in both 
monocrop and push-pull plots, whereas Chilopoda and Dermaptera where only found in push-pull 
plots, and Mantodea only in non-push-pull plots (Fig. 2). 

We found no differences in connectance (Fig. 3a), interaction evenness (Fig. 3b) and prey taxon 
richness (Fig. 3c) between monocrop and push-pull plots. Prey vulnerability tended to be slightly 
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higher in monocrop than in push-pull plots (Fig. 3d), but this difference was also not significant (Table 
2). 

 

 

 

Figure 2: Bipartite food-webs across replicates of a) push-pull fields and b) non push-pull fields. Food webs are 
based on molecular gut content analysis using metabarcoding. 

a) Push-pull

a) Non push-pull
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Figure 3: Food web metrics based on MGCA for push pull and non push-pull fields. a) connectance, b) 
interaction evenness, c) prey taxon richness and d) prey vulnerability. 

 

Table 2: Bi-partite model results. (*) = p < 0.100. DFnum = numerical degrees of freedom. DFden = denominator 
degrees of freedom. 

Response Chi2-value p-value DFnum, DFden R2 Error 
distribution 

connectance 0.089 0.765 1, 35 0.002 Gaussian 

interaction 
evenness 0.070 0.792 1, 35 0.001 Gaussian 

prey taxon 
richness 0.001 0.983 1, 35 0.000 Negative 

binomial 

prey 
vulnerability 3.269 0.071 (*) 1, 35 0.079 Gaussian 

 

3.2 Climate resilience 

Mean air temperatures recorded across sampling periods ranged from 12.0 to 38.0 °C. Family-specific 
thermal optima (𝜇𝜇𝑖𝑖) spanned 20–25 °C, and niche breadths (𝜎𝜎𝑖𝑖) varied from 1.3 °C to 6.4 °C, indicating 
differing degrees of thermal specialisation among taxa. 

We calculated thermal and body-size parameters for nine predator families included in the analysis 
(Table 3). Families such as Staphylinidae, Carabidae, and Salticidae dominated captures, while 
Lycosidae and Linyphiidae contributed smaller but distinct thermal niches. Body mass ranged from 3.8 
mg in Linyphiidae to 311 mg in Forficulidae, spanning nearly two orders of magnitude. 

 

Non push-pull Push-pull Non push-pull Push-pull

Non push-pull Push-pull Non push-pull Push-pull
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Table 3: Thermal and morphological parameters of predator families included in the resilience analysis. Values 
show family-level thermal optima (μ), niche breadths (σ), realised temperature ranges, capture counts and 

mean body traits. 

Family μ (°C) σ (°C) 

Temp 
range 
(°C) 

Captures 
(n) 

Mean 
body size 

(mm) 

Mean 
body 
mass 
(mg) 

Staphylinidae 22.6 5.15 12.5 – 
38.0 

160 7.2 5.24 

Salticidae 21.6 5.23 12.5 – 
38.0 

102 6.5 5.76 

Carabidae 22.7 5.37 12.5 – 
36.5 

86 9.6 20.7 

Forficulidae 20.8 3.87 14.0 – 
26.5 

10 19.6 311 

Coccinellidae 24.6 5.68 16.5 – 
33.5 

7 7.0 8.01 

Lampyridae 23 1.00 22.0 – 
24.0 

2 12.0 15.3 

Linyphiidae 20.0 3.00 17.0 – 
23.0 

2 5.4 3.81 

Lycosidae 20.8 1.25 19.5 – 
22.0 

2 6.0 26.3 

Reduviidae 24.0 2.00 22.0 – 
26.0 

2 6.6 7.08 

 
 

Functional redundancy (𝐹𝐹𝐹𝐹(𝑇𝑇)) varied across the observed temperature range (12–38 °C) for all 
predator families. Both push-pull and non push-pull plots exhibited broad peaks in redundancy around 
22–25 °C, consistent with the average thermal optima of the dominant families. Across individual sites, 
redundancy curves had similar shapes, with moderate variation in amplitude but stable temperature 
peaks, indicating that predator communities maintained functional overlap across systems. 

Mean climate resilience, defined as the integral of 𝐹𝐹𝐹𝐹(𝑇𝑇)across the temperature gradient, did not 
differ significantly between push-pull and non-push-pull plots (t = 1.11, df = 65.8, p = 0.27; Fig. 1). 
Average resilience was 57.8 ± 6.3 (SD) for conventional plots and 54.2 ± 6.1 for push–pull plots. 
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Figure 4: Estimated climate resilience of predator-prey food webs in push-pull and non-push-pull fields. 

 

 

4 Discussion 

We found an extremely high diet diversity among generalist predators in Rwandan maize crops. Based 
on MGCA of only 1613 individual predators we identified as many as 330 non-predatory prey taxa 
(ZOTUS). This suggests that generalist predators present in these crops have plenty of alternative prey 
that can sustain them also when pests are scarce. Surprisingly though, we found no differences in 
food-web structure between cropping systems. Connectance, evenness in interaction strength and 
prey diversity were all virtually identical between cropping systems, while prey vulnerability and 
climate resilience even tended to be slightly higher in non push-pull plots (but not significantly so). 
Thus push-pull did not change the diversity of interactions within the food webs as expected and did 
not support predator communities with increased climate resilience. Therefore we should not expect 
more reliable pest control by generalist predators in Rwandan push-pull crops. 

There are several potential reasons why no differences between cropping systems were detected. 
First, field sizes were very small in both push-pull (0.2 ha) and non push-pull crops (0.3). This is likely 
much less than the typical movement distances by generalist predators, which may range to several 
km’s and more (e.g., Jonsson et al. 2014), therefore we can expect that the predators readily exploited 
prey sources also outside the fields. The smallholder landscapes in Rwanda are very fine grained and 
diverse which could have contributed to the high diversity of prey detected. In addition, five out of 
sixteen non push-pull crops were mixed cropping systems which could have further reduced the 
contrast between push-pull and non push-pull. Management also differed between fields, e.g., with 
respect to fertilizer application, and this could have further obscured differences. 

 

4.1   Next steps  

As a next step, we intend to explore how surrounding landscape structure, both in terms of landscape 
composition and configuration affects food-web structure. We predict that landscapes with more 
semi-natural habitat, greater crop diversity and larger configurational diversity should have more 
complex and climate resilient food webs (Feit et al. 2021). Differences in field management can also 
have strong effects on food web structure (Daouti et al. 2024) and are worth analysing. Relevant 
management variables that we have available are use of mineral fertilizer and manure, presence of 

Non push-pull Push-pull
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intercrops other than Desmodium, and for the push-pull crops we can explore the importance of 
Desmodium cover and number of seasons since establishment.  

 

4.2   Implications  

Surprisingly we found no differences in food-web structure and climate resilience of the predator 
communities between push-pull and non push-pull fields. In D5.4 it was shown that climate resilience 
of crop yield is enhanced in push-pull compared to non push-pull plots of Western Kenya. The lack of 
difference in our study suggests that this is unlikely to be due to more stable pest control by predators. 
It should be noted though that the ecological context of the Gatsibo district of Rwanda is more diverse 
than many other regions in East Africa. Field size in the Gatsibo district was smaller, crop rotation and 
intercropping more common than in the other UPSCALE study regions and this results in a more 
diverse and fine-grained agricultural landscape. Differences in food-web structure between push-pull 
and non push-pull fields may be more likely in regions where field sizes are larger, agricultural 
landscapes less complex, and when non push-pull crops are more intensively managed. Further 
research is required to test if the food-web structure between push-pull and non push-pull fields is 
indeed more pronounced in such regions. 
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