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Abstract
The Mount Elgon region of Uganda has coffee farmlands distributed along the slopes of the mountain, in a mosaic of differing
crop combinations, and semi-natural vegetation. Thus, there are parcels of varying microclimate that create disparities in
occurrence of key insect functional groups. The study quantified the occurrence of Carabidae in 72 coffee farmlands categorized
by altitude: low (1400–1499 m.a.s.l), mid (1500–1679 m.a.s.l), and high (1680–2100 m.a.s.l); and farming system: coffee
monocrop, coffee+annual crops, coffee+banana, and coffee+banana+shade trees. The results revealed highly significant effects
of altitude, farming systems, and the interaction of the two on occurrence of three Carabidae genera (Anisodactylus, Chlaenius,
and Harpalus.). The abundance of Harpalus spp. was higher at lower altitudes in coffee monocropped farming systems;
Anisodactylus spp. were more abundant at higher altitudes in coffee+annual crop systems; and Chlaenius spp. were highest in
the coffee+banana+shade tree system at mid altitudes. The belowground microclimate parameters of soil moisture, pH, EC; and
the aboveground diversity of semi-natural vegetation explained some of the differences in occurrence of the different Carabidae
genera. This distinctiveness in preference of different genera in the same family hinders collective recommendations but looks to
a more pragmatic strategy in nurturing diversity on a holistic scale.
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Introduction

Ground beetles (Coleoptera: Carabidae) are usually diverse and
highly abundant in nature and agroecosystems and offer crop
protection services as biological control agents of insect pests
(LaRochelle 1990; Kromp 1999; Sunderland 2002; French
et al. 2004; Menalled et al. 2007; Leslie et al. 2009; Traugott
et al. 2012; Evans 2016; Adhikari and Menalled 2018).

Carabidae with relevance to agroecosystems are of particular
genera; they have specific preferences, and characteristic ap-
pendages in their morphology, which enables them to climb
and fly on top of plants for insect searches (Chiverton 1987;
Lovei and Sunderland 1996; Snyder and Ives 2001). Carabidae
are well documented as generalist predators of insect pests in
major cropping systems (Lovei and Sunderland 1996;
Ogunrinde and Afolabi 2007), especially of aphid species
(Edwards et al. 1979; Chiverton 1987; Loughridge and Luff
1983; Ogunrinde and Afolabi 2007). Important and common
Carabidae genera in the agroecologies which have been report-
ed in the insect control, notably Harpalus spp., Chlaenius spp.,
Anisodactylus spp., Bembidion spp., and Pterostichus spp.
(Edwards et al. 1979; Loughridge and Luff 1983; Kromp
1999; Tooley and Brust 2002; Milius et al. 2006).

These Carabidae are reported to have common associations
with particular habitats such as field edges, marginal lands,
dry grasslands, pastures, and mulched layers (Thiele 1977;
Desender and Bosmans 1998; Merivee et al. 2004, 2006;
Milius et al. 2006; Ogunrinde and Afolabi 2007; Koivula
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2011; Sadej et al. 2012; Goulet 2003). The Mount Elgon re-
gion of Uganda has coffee farmlands distributed along the
slopes of the mountain (1400–2300 m above sea level) in a
mosaic of differing crop combinations and semi-natural veg-
etation. The varying altitude and cropping/vegetation intensity
create parcels of microclimate that may affect insect functional
groups differently. Indeed, altitude has been reported to mod-
erate soil properties and vegetative physical presence causing
direct and/or indirect impacts on Carabidae aggregations
(Siemann 1998; Yüksek et al. 2013; Park et al. 2015;
Nietupski et al. 2015; Twardowski et al. 2017). The parame-
ters of soil that have been reported to influence Carabidae
populations are soil acidity, soil salts, and soil moisture
(Goulet 2003; Sadej et al. 2012).

Conversely, farming systems with unique styles of vegeta-
tive inclusions such as intercropping, agroforestry, hedge-
rows, road reserves, fallows, tree strips, contour tillage, and
minimum tillage are also reported to modify belowground
microclimates leading to variable Carabidae occupations
(Welsh 1990; Siemann 1998; Desender and Bosmans 1998;
Holland and Luff 2000; Szyszko et al. 2000; Aviron et al.
2005; Skalski et al. 2011; Liu et al. 2015; Nietupski et al.
2015; Twardowski et al. 2017; Li et al. 2017).

The unique biophysical parcels in the coffee farmland mo-
saics of the Mt. Elegon region were found to have distinct
effects on soil macrofauna (Karungi et al. 2018); and the
Hymenopteran complex associated with the coffee berry borer
(Ijala et al. 2019); with specific recommendations that can
promote conservation efforts. Studies on the occurrence and
specific preferences of the Carabidae genera therefore could
add to the generated information for the Mt. Elgon region and
provide insights that will boost biological control measures in
the Coffee farmlands as a whole. The study tested two hypoth-
eses: (i) There is higher occurrence of Carabidae in coffee
systems that are less disturbed by annual cropping; (ii) Soil
properties are more important than semi-natural vegetation
diversity in determining Carabiadae occurrence in the coffee
farmlands of the Mt. Elgon region.

Materials and methods

Study site description

The study was carried out in Eastern Uganda, on the slopes of
Mount Elgon, from 1400 to 2100 meters above sea level. Two
districts, Kapchorwa, on the slopes and Sironko on the slopes
were included in the study. The area is highly productive for
Arabica coffee (Kapchorwa District Local Government 2011)
and lies within 1°8′43″N–1°23′04″N and 34°22′26″E–34°26′
29″E; with a bimodal rainfall pattern, attaining annual precip-
itation range of 1200–2200 mm (National Environmental
Management Authority 2010). The average annual minimum

and maximum temperature of the area stands at 13.2°C and
23.2°C, respectively (Buginyanya local weather station). The
soils have been described as Nitisols (International Union of
Soil Science 2007), developed on basaltic outflows (De Bauw
et al. 2016). The farmlands are majorly mixed cropping system/
agroforestry which includes perennial plantations of coffee
trees, banana, and shade trees; regularly teamed with seasonal
crops that majorly include Zea mays, Solanum tuberosum,
Phaseolus vulgaris, and Arachis hypogaea in a matrix of
semi-natural vegetation (Karungi et al. 2018; Ijala et al. 2019).

Research design

The study was designed with two independent factors, i.e.,
altitude and farming system. The altitude was the major factor,
and was categorized at three levels: low (1400–1499 m.a.s.l),
mid (1500–1679 m.a.s.l), and high (1680–2100 m.a.s.l) fol-
lowing the procedures of Karungi et al. (2018). The farming
system, the second factor was nested in altitude and had four
categories: coffee monocrop, coffee+annual (coffee + one or
two of the seasonal crops as practiced in the area), coffee+
banana, and coffee+banana+shade trees that were replicated
three times.We used transect walks to establish 72 study sites,
each with an area of about 4000 m2 denoted by GIS 3.2/ GPS
points following the guidelines of Ijala et al. (2019), Diekotter
et al. (2010). So, for each district, in each of the three demar-
cated altitudinal levels, four farming systems were selected,
replicated three times (2 districts × 3 altitude levels × 4 farm-
ing systems × 3 replications = 72).

Data collection

Abundance of Carabidae

In each field, ten pitfall traps were established in a zig-zag
pattern below the canopies of the plants, spaced at least 10m
apart for monthly monitoring of Carabids following the guide-
lines of Dauber et al. (2005), Qodri et al. (2016), Mwambala
et al. (2019), Allema et al. (2019). This was a longitudinal
study over a period of 2 years. As such, every month a total
of 720 pitfall traps (2 districts × 3 altitude levels × 4 farming
system × 3 replicates × 10 traps each) were processed. The
pitfall traps were made of 500-ml plastic cups (diameter 85
mm) filled with approximately 170 ml of ethanol-glycerine
solution (2:1) and a detergent was added in, to reduce surface
tension. Rain covers (metallic sheets, 250 mm) were placed
approximately 10 cm above each trap to prevent flooding by
rain following the guidelines of Dauber et al. (2005), Liu et al.
(2015), Baranová et al. (2018), Allema et al. (2019). The
trapped insects were collected into 300 ml bottles containing
70% ethanol. All the bottles were precisely labeled by farm
code, farming system, altitude, and dataset. The insects were
then sorted using an insect dichotomous key intomajor groups
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such as beetles, ants, centipedes, and millipedes. The majority
of the insects collected in good condition were beetles
compared to the rest which existed in pieces of body parts.
The beetles were further sorted into distinct groupings using
their external morphological features. These proceeded for
identification into family, subfamily, genera, and species
level using comparative morphological identification keys at
Kenya National Museum in Nairobi following the guidelines
of a Lindroth (1974) handbook. Thirteen representatives of
these samples were sent to the CABI Plantwise diagnostic
and advisory services in the UK where they were confirmed
using the morphological identification and sequencing results
(inquiry No CABI 002-18). These were analyzed using the
database held by BOLD (Barcode of Life Data System
(Databases/ BOLDSYSTEM) and the European Molecular
Biology Laboratory (EMBL) database via the European
Bioinformatics Institute (EBI), using the FASTA algorithm
with the ‘ENA Sequence Invertebrate’ database, and NCBI
GenBank ‘Others’ database using the BLAST algorithm.
Only 4 of the 13 representative Coleoptera were confirmed
to belong to the family Carabidae. Of the remaining 9; 2 were
identified as Nitidulidae, 3 as Scarabaeidae, 1 as Rhopalidae,
and 3 were not clearly identified. All the representatives of the
thirteen (subsamples) were deposited at CABIwith the inquiry
No CABI 002-18. The four which were confirmed as
Carabidae family were identified to genus and/or species
(Anisodactylus australis, Per, Anisodactylus sp.; Harpalus
crotognathoides Gat, Harpalus asemus Bas.; Chlaenius
discopictus, Frm and Chlaenius sp). These were deposited at
the Kenya National Museum (Reference NMK/SIZ-IC 103).
In the bulk of the analysis, it is only data of the three identified
Carabidae genera that was used. Information on the trap col-
lections is summarized in Table 1.

Ambient and soil microclimate and soil properties

The data on the microclimatic conditions for each farm was
recorded at midday on sampling days (light in foot-candles,
the temperature in 0C; and percentage relative humidity) taken
along the diagonal and recorded at three points. A thermo-

hygrometer pen (Model 3402, Spectrum Technologies, Inc.
2009) was used for relative humidity ± 3% and temperature
± 0.6 °C; and foot candle meter (Model 3413F, Spectrum
Technologies, Inc. 2011) for light intensity ± 5% following
the techniques of (Dunning 2009; Jonsson et al. 2014;
Karungi et al. 2018; Ijala et al. 2019). These were later used
in regressions to establish relationships with Carabidae occur-
rence. Mean microclimate parameters, designated as above
ground microclimate for the studied farmlands are shown in
the supplementary material (S1) submitted with the
manuscript.

The data on soil properties were obtained in-situ at each
farm level that is soil temperature (± 1°C), soil moisture (± 3%
VWC), and soil electrical conductivity (EC) ± 5% from 0 to 5
dS/m using Prochecksensor (GS3 model) and soil pH using a
pH meter following the technology of Wadsworth (2015). All
the measurements were taken from a soil depth of 0 – 15 cm.
The soil organic matter was determined from a composite
sample using laboratory procedures (Wakley & Black meth-
od) following Okalebo et al. (2002). A checklist was used to
collect data on soil management practices and categorized as 1
= organic-intensive, 2 = inorganic-intensive, and 3 = no man-
agement. The data on soil variables were used in correlations
and regression with Carabidae occurrence following Karungi
et al. (2018).Mean soil microclimate parameters designated as
belowground microclimate parameters for the studied farm-
lands are shown in Table S2 supplementary material.

Semi-natural vegetation parameters

To establish abundance and diversity of the semi-natural veg-
etation in the coffee fields and hedgerows, fields and field
margins 5 m into the surrounding area of the perimeter of
the study fields were recorded. The inventory showed that
semi-natural vegetation comprised of plants in the families:
Boraginaceae, Fabaceae, Lauraceae, Anacardiaceae,
Meliaceae, Proteaceae, Verbenaceae, Euphorbiaceae,
Myrtaceae, Moraceae, Caricaceae, Pinaceae, Asteraceae,
Oxalidaceae, Commelinaceae, Solanaceae, Cannabaceae,
Amaranthaceae, and Poaceae.

Data on abundance was collected using counts within 1 by
1m quadrants for weeds and grasses; expanded to bigger demar-
cations or individual counts in case of shrubs and trees following
Wilson (2007). Species total counts were established for each
study site as a discrete variable. Shannon’s diversity indices were
derived by calculations following Shannon and Weaver (1949).
The diversity of the semi-natural vegetation of the studied farm-
lands is shown in Table 2.

Data analysis

Data on Carabidae counts were analyzed using the generalized
linear mixed models (GLMM) of GenStat 13 computer

Table 1 Insect groups, total number of insects, and percentage trap
collections using pitfall traps

Insect group Insect total numbers % trap collection

Carabidae 9780 54.4

Nitidulidae 1078 6.1

Scarabaeidae 2451 13.6

Rhopalidae 987 5.4

Un-identified Coleoptera 3693 20.5

Grand total 17989 100
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software. The Poisson distribution with a logarithm link was
used with the farm as a random factor with a dispersion of 1
for fixed factors. The Wald tests were generated for tables and
back-transformed means were used in the figures. Mean sep-
arations were done using Fischer’s protected LSD at 5%.

The soil properties, above ground microclimate, and semi-
natural vegetation species parameters were used as predictors
while transformed numbers of Carabidae were the response
variables in the general linear regression. The automatic selec-
tion of potentially important predictors was done using a step-
wise regression procedure of a generalized linear regression
model. In the testing criteria, fixed critical F-values (Test
Criterion) were used which are not based on the actual F-
distribution. Typically, criterion values of 4.0 were selected
in the stepwise methods. The Change Model was used to add
the predictors and the worst predictors were dropped off from
the model (O’Neill 2010; Gallagher et al. 2011).

Results

The effect of altitude and farming system on
Carabidae occurrence

The analysis revealed a highly significant effect of altitude,
farming system, and their interaction on occurrence of the
Carabidae genera; Anisodactylus spp., Chlaenius spp., and
Harpalus spp. (Table 3).Harpalus spp. occurred in all studied
farmlands but had a marked abundance in the coffee
monocrop system at low altitudes (Fig. 1a). Anisodactylus
spp. were more abundant at high altitude and in the coffee+
annual crop system (Fig. 1c). Chlaenius spp. had a patchy
occurrence and was not recorded at low altitude in the coffee
monocrop, and the coffee+banana+shade trees system, but
showed a distinct higher abundance at mid altitudes in the
coffee+banana+shade trees system (Fig. 1b). Collectively,

the coffee+banana+shade tree system had the highest
Carabidae abundance; however, this was not significantly dif-
ferent from the coffee monocrop (Fig S1).

The relationship between Carabidae occurrence and
above- and belowground microclimate parameters,
and diversity of semi-natural vegetation

Linear regression of potentially important predictors for
Carabidae abundance indicated specific significant relation-
ships. Soil moisture, pH, and soil EC were the studied soil
properties and formed the belowground microclimate. For
Anisodactylus spp., the only significant relationship was with
soil moisture, which was positive (Table 4). On the other
hand, Harpalus spp. had a negative relationship with soil

Table 2 Diversity Indices
(Shannon’s H, Shannon’s E), and
abundance of semi-natural vege-
tation (mean number of plant
species/ ha) in different farming
systems at different altitudinal
levels

Altitude Farming system Shannon’s H Shannon’s E Mean no. of species/ha

Low Coffee monocrop 1.785 0.790 9.5

Coffee+annual 1.895 0.840 9.5

Coffee+banana 1.815 0.770 10.5

Coffee+banana+ shade tree 1.700 0.575 19.5

Mid Coffee monocrop 1.930 0.740 12.0

Coffee +annual 1.930 0.855 10.0

Coffee+banana 1.740 0.770 10.0

Coffee+banana+ shade tree 1.845 0.665 17.0

High Coffee monocrop 2.100 0.880 11.0

Coffee+annual 1.925 0.825 10.5

Coffee+banana 1.855 0.845 9.0

Coffee+banana+ shade tree 1.820 0.760 11.0

Table 3 The F-statistics, Wald statistics, and numerator degree of
freedom for the occurrence of Carabidae genera in different farming
systems at different altitudinal levels

Fixed term Wald statistic n.d.f. F statistic

Anisodactylus spp.

Altitude 9707.93 2 4853.97***

Farming system 1696.85 3 565.62***

Altitude farming system 2598.26 6 433.04***

Chlaenius spp.

Altitude 385.00 2 192.5***

Farming system 1547.03 3 515.68***

Altitude farming system 112.72 6 18.79***

Harpalus spp.

Altitude 10253.53 2 5126.77***

Farming system 10029.75 3 3343.25***

Altitude farming system 6703.860 6 1117.31***

Values with *** sig. at P < 0.001
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moisture, and a positive relationship with soil EC (Table 4a).
Chlaenius spp. had a significant relationship with soil pH,
which was negative; and a marginal negative relationship with
soil EC (Table 4).

Uniquely, ambient temperature, relative humidity, and
light intensity that formed the aboveground microclimate
were not significant predictors of Carabidae abundance for
any genera in this study (Table 4). With regard to the relation-
ship with semi-natural vegetation, Chlaenius spp. was the on-
ly Carabidae genera that showed a significant relationship
with semi-natural vegetation diversity, which was positive
(Table 5).

Discussion

Altitude- and farming system-driven soil microclimate
as a predictor of Carabidae occurrence

The Carabidae preference to specific niches of farming sys-
tems at different altitudes can to some extent be explained by
the belowground microclimate. For instance, Harpalus spp.
were more abundant at low altitude. Low altitude had

relatively low soil moisture levels (mean 0.392 m3/m3; vs.
0.455 for high altitude) but high soil EC (mean 0.224 dS/m
vs. 0.214 for high altitude), and in fact, the regression analysis
showed thatHarpalus spp. had a significant negative relation-
ship with soil moisture but a more significant positive rela-
tionship with soil EC, which could explain the preference of
the coffee monocrop which had the highest EC at that altitude.
The coffee monocropped fields are mostly maintained under
slashed predominantly grassy undergrowth conditions with no
tillage, which could have retained stable soil moisture and EC
levels that favored Harpalus spp. The work of Twardowski
et al. (2017) reported Carabidae preference for less disturbed
grassy areas (mowed once a year); and the study by Desender
and Bosmans (1998) reported grasslands as important niches
for Carabidae populations. Also, Sadej et al. (2012) indicated
a better chance for survival of Carabidae under grassy land
conditions. This could explain why in this study, total
Carabiade were higher in coffee monocrop and coffee+ba-
nana+shade trees systems.

In this study, Chlaenius spp. occurrence was highest at
mid-altitude in the coffee+banana+shade trees system, a sys-
tem that recorded a relatively lower pH (6.827 c.f. mean of
6.886). Chlaenius spp. was the only Carabidae genera

Fig. 1 Mean numbers + SE of Carabidae in different farming systems at different altitudes. A Harpalus spp. B Chlaenius spp. C Anisodactylus spp. b
highly significant at P < 0.001; a not significant at P < 0.001
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responsive to soil pH with a marked negative association. In
this study, the soil pH decreased with increasing altitude as
earlier reported by De Bauw et al. (2016) working in the same

region, and the lowest pHwas recorded in the coffee+banana+
shade tree’s system at high altitude (6.472). The coffee+ba-
nana+shade trees system had the most litter. Decomposing

Table 4 Regression parameter estimates, standard error, and T statistic for the relationship of Carabidae counts with below and above ground
microclimate parameters

Carabidae genera Parameter Estimate s.e. T statistic

Belowground microclimate parameters

Anisodactylus spp. Constant 0.242 0.949 0.26

soil moisture (m3/m3) 3.86 1.500 2.58**

pH 0.047 0.139 0.34

soil EC (dS/m) − 1.041 0.989 − 1.05

Harpalus spp. Constant 3.80 1.22 3.12**

soil moisture (m3/m3) − 5.80 1.92 − 3.01

pH − 0.285 0.178 − 1.60

soil EC (dS/m) 6.73 1.27 5.30***

Chlaenius spp. Constant 2.418 0.912 2.65*

soil moisture (m3/m3) 0.840 1.44 0.58

pH − 0.292 0.133 − 2.19*

soil EC (dS/m) − 1.753 0.95 − 1.84

Above ground microclimate parameters

Anisodactylus spp. Constant 0.730 1.69 0.43

% relative humidity 0.0142 0.025 0.57

Light intensity ( foot candles) 0.0006 0.001 0.43

Harpalus spp. Constant 0.920 4.63 0.20

% relative humidity 0.0305 0.038 0.81

Temperature (°C) − 0.088 0.113 − 0.78

Carabidae genera Parameter Estimate s.e. T statistic

Belowground microclimate parameters

Anisodactylus spp. Constant 0.242 0.949 0.26

soil moisture (m3/m3) 3.86 1.500 2.58**

pH 0.047 0.139 0.34

soil EC (dS/m) − 1.041 0.989 − 1.05

Harpalus spp. Constant 3.80 1.22 3.12**

soil moisture (m3/m3) − 5.80 1.92 − 3.01

pH − 0.285 0.178 − 1.60

soil EC (dS/m) 6.73 1.27 5.30***

Chlaenius spp. Constant 2.418 0.912 2.65*

soil moisture (m3/m3) 0.840 1.44 0.58

pH − 0.292 0.133 − 2.19*

soil EC (dS/m) − 1.753 0.95 − 1.84

Above ground microclimate parameters

Anisodactylus spp. Constant 0.730 1.69 0.43

% relative humidity 0.0142 0.025 0.57

Light intensity ( foot candles) 0.0006 0.001 0.43

Harpalus spp. Constant 0.920 4.63 0.20

% relative humidity 0.0305 0.038 0.81

Temperature (oC) − 0.088 0.113 − 0.78

Chlaenius spp. (parameters were minor to the model and dropped off)

*** Sig. at < 0.001, ** sig. at < 0.01, * sig. at < 0.05
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vegetative materials under acidic conditions have been report-
ed to provide shelter, breeding, and dispersal environments for
the Carabidae (Hance 2002). Baranová et al. (2018) also re-
ported humus accumulation was promoting the presence of
Carabids under acidic conditions.

Anisodactylus spp. showed a marked preference for high
altitudes in coffee+ annual farming systems. The coffee+ an-
nual crop systems undergo frequent tillage operations during
seasonal additions of the annual crops; which create loosened
soil conditions that may favor this genera. The preference for
high altitude could be due to the high soil moisture levels high
up on the slopes of the mountain as it showed a significant
positive relation with soil moisture. Members of this genera
have been reported to exhibit specific preference for habits/
niche with moderately moist conditions (Eo et al. 2016; Qodri
et al. 2016).

Though distinct in effect for the three Carabidae genera,
this study provides further evidence of soil moisture and soil
pH as important drivers of Carabidae occurrence. The study
adds to the findings of Baguette (1993) who reported that
distributions of Carabids were mostly related to the acidity,
organic content, and water holding capacity of the soils to
Holopainen et al. (1995) who ranked soil water content and
soil pH as some of the soil factors of importance to Carabidae;
to Luff (1996) who stated that, soil moisture is the most im-
portant environmental factor affecting Carabid assemblages
and, more recently, to Vician et al. (2015) who reported higher
species diversity of Carabid beetles in the plots with a higher
pH and humus content.

The soil moisture, soil pH, and soil EC found in the studied
parcels are a result of prevailing physical and management
aspects, in this case the interaction between altitude and farm-
ing systems, a fact that is echoed by other studies (Adis 1998;
De Bauw et al. 2016; Baranová et al. 2018; Hiramatsu and
Usio 2018; Allema et al. 2019).

Semi-natural vegetation diversity and Carabidae
occurrence

Though some studies have shown Carabidae to prefer more
diverse crop habitats (Noordijk et al. 2011), in this study

Chlaeniuswas the only genera that were positively influenced
by increased semi-natural vegetation diversity. Luff and
Rushton (1989) also reported that ground beetle communities
are influenced more by soil parameters than vegetation struc-
ture. Tscharntke et al. (2005), Liu et al. (2012) showed
Carabidae to uniquely prefer intensively cultivated arable land
compared to undisturbed or semi-natural habitats.

Even in the cultivated habitats, our study has shown that it
is not a “one size fits all” scenario for the Carabidae. What is
clear is that Carabidae occurrence is to some extent shaped by
farming practices linked to the respective decisions made on
the farms, for example, management directly impacting the
diversity of the plant communities, and soil and water conser-
vation techniques.

Carabidae were the most abundant group in the trap
catches. Anisodactylus, Chlaenius and Harpalus were the
predominant Carabidae. There were specific genera niche
preferences as a result of soil properties, and semi-natural
vegetation diversity, which stemmed from the farming sys-
tem and altitudinal placement. The findings highlighted a
complex system that is not amenable to collective recom-
mendations but looks to a more pragmatic strategy in nur-
turing diversity on a holistic scale.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s13744-021-00872-4.
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