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Abstract

Context Honey bees provide multiple ecosystem
services. Comparisons of coupled social-ecological
systems (SES) can improve the understanding of the
factors affecting honey bees and beekeeping.
Objectives Stressing the need for SES analyses, we
explore beekeepers’ perceived factors affecting bees
and beekeeping, test the hypothesis that honey bee
colony losses are associated to agricultural land use
intensity, and discuss the role of beekeeping for rural
development.

Methods We used as a case study the steep gradient
in SES in Ukraine’s Chernivtsi region with three
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strata: (i) traditional villages, (ii) intermediate and (iii)
intensive agriculture. In each stratum, we analysed the
social system using five open-ended focus groups.
Regarding the ecological system, we analysed data
about winter loss rate of honey bee colonies, number
of colonies per beekeeper, the average amount of
supplemental feeding, and proportion of beekeepers
treating against Varroa mite.

Results Thirty-three themes were extracted, of
which 73% concerned the social system at multiple
levels of governance. The number of themes increased
from the traditional stratum with higher winter colony
losses to the intensive agriculture stratum with lower
losses. This does not support the hypothesis that the
intensive agriculture per se affect honey bees
negatively.

Conclusions Social system factors dominate over
ecological factors, and interact across scales. This
requires systems analyses of honey bees and beekeep-
ing. We see beekeeping as a social innovation
enhancing stakeholders’ navigation in social systems,
thus supporting rural development in countries in
transition like Ukraine.

Keywords Social-ecological system - Ecosystem

services - Honey bee - Rural development -
Beekeeping practices
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Introduction

The western honey bee (Apis mellifera) is the globally
most common, and since long time domesticated, bee
species (Hung et al. 2018) for its production of honey
and wax (Ruottinen et al. 2014), and later for its
pollination activities (Kremen et al. 2007; Hung et al.
2018). This species is the single most important
pollinator for agricultural crops. However, honey bees
are increasingly threatened by pests and diseases,
including the Varroa mite and associated virus
infections, pesticides, land use and climate change
(e.g., Steinhauer et al. 2018). Reducing the abundance
and diversity of bees affects the pollination success of
many cultural and wild plant species (Klein et al.
2006). In view of this, bees and other Hymenoptera
(Sphecidae, Eumenidae, Pompilidae) are used as
indicators of environmental changes (Steffan-Dewen-
ter 2003; Wood et al. 2020). The honey bee has the
longest tradition in research among social insects
(Winston 1991). It has been used as a model organism
in many fields of natural science research (e.g.,
understanding of animal communication (Von Frisch
and Chadwick 1967), spatial orientation (Cartwright
and Collett 1983), mechanisms of ageing (Miinch et al.
2008), and collective decision making (Szopek et al.
2013).

By comparison, however, the social system dimen-
sions of bee-human systems are rarely addressed, and
there are few studies about beekeepers’ perceptions to
guide the understanding of bee health in different
landscapes (Patel et al. 2020). Beekeeping as a
practice is thus an interesting source of knowledge
about the factors that affect the viability of the western
honey bee, and also about beekeepers themselves in
landscapes as coupled social and ecological systems
(Sperandio et al. 2019). Beekeeping is predominantly
a rural activity in traditional cultural landscapes
world-wide (e.g., Ahmad et al. 2007; Fedoriak et al.
2019). Given the wide range of skills required to
practise beekeeping including product procurement,
collaborative capacity involving multiple sectors and
levels of governance is needed. Beekeeping can thus
be viewed as a social innovation that can enhance
navigation in social systems (Ahmad et al. 2007;
Fedoriak et al. 2019). This can empower stakeholders
to deal also with other complex problems that require
collaborative capacity. Comparisons of beekeeping
practices and bee health among landscapes located in
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gradients from traditional agricultural systems based
on multiple goods and services to intensively managed
monoculture system can improve understanding of the
importance of different driving factors. Thus, stake-
holder engagement in knowledge production is
needed. This is known to be beneficial in different
ways, namely promoting links between science and
society; gaining access to additional information or
resources, and improving the relevance or utility of the
research to users and beneficiaries (Durham et al.
2014).

As the theoretical framework supporting a systems
perspective on landscapes as coupled human and
nature systems, we chose the social-ecological system
(SES) framework (see Partelow 2018 for a review).
This is a comprehensive and multi-tiered conceptual
framework for diagnosing both social systems focus-
ing on governance interactions at multiple levels, and
outcomes in social-ecological systems with a focus on
their sustainability at multiple scales (Berkes and
Folke 1998; Ostrom 2009). As a mainstream field of
research, the SES concept has evolved into a system-
atic approach to understand how different SESs can be
sustainable for people in places with different resource
systems and units, governance systems and actors
(e.g., McGinnis and Ostrom 2014). Within these main
tiers, interactions and outcomes of SES with different
socio-economic and political settings can be diag-
nosed (Partelow 2018). The study by Patel et al. (2020)
provides a good example of applying the SES
framework to the bee-human resource system.

Using a simplified version of the SES framework,
focusing on social and ecological system factors at
different levels of governance and spatial scales, the
diversity of land use histories among local social-
ecological systems in different geopolitical units was
used as a natural experiment design (sensu Diamond
1986) at the landscape scale. Countries with complex
legacies of landscape history and governance systems
allow using this approach. The European continent’s
West and East, linked to trajectories after the end of
the Soviet Union, is a particularly useful example
(Angelstam et al. 2013). Indeed, Ukraine has been
termed a “cleft country” centred on the steepest part of
the West—East gradient on the European continent
(Katchanovski 2006). Ukraine has also a strong
tradition of beekeeping, and is a major supplier of
honey within Europe (Fedoriak et al. 2019). Here past
trajectories of land use has led to large contrast
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between abundant remnants of traditional village
system in remote locations, and emergence of inten-
sive agriculture, which according to many studies has
profound effects on bees and other insects (e,g.,
Vandame and Palacio 2010; Sanchez-Bayo and
Wyckhuys 2019).

This study has three aims. First, we explore
beekeepers’ perceived factors at multiple levels
affecting the viability of honey bees and beekeeping
in different SES settings. Second, we test the hypoth-
esis that honey bee colony losses are higher in
landscapes with intensive agriculture accompanied
with extensive use of pesticides than in the areas with
traditional cultural landscapes. Third, we discuss the
role of beekeeping as a social innovation that can
support rural development. We collected data about
the social system using focus groups, and about the
ecological system using data from the international
monitoring of honey bee colony losses, which also
includes Ukraine.

Methodology
Case study region and stratification

We used as a case study the steep gradient in Ukraine’s
Chernivtsi region between traditional village liveli-
hoods in remote mountain areas, and intensive agri-
culture with orchards and fields in lowlands. To
capture this we divided the Chernivtsi region into three
strata, each represented by one of this region’s 11
districts, from west to east ‘Traditional’ Putyla,
‘Intermediate’ Storozhynets and ‘Intensive agricul-
ture’ Khotyn (Fig. 1 and Table 1). The ‘Traditional’
stratum was the Putyla district, which is located in the
eastern Carpathian Mountains and ranges from the
Putyla river valley dominated by traditional self-
subsistence land use including home gardens and
animal husbandry, to mixed and coniferous forests,
and pastures above the tree line. Forestry is the other
major land use there. The ‘Intermediate’ stratum
(Storozhynets district) further to the east includes the
Carpathian Mountain foothills with forestry, large
villages where self-subsistence land use is important,
and agricultural land with diverse crops. Finally, the
‘Intensive agriculture’ stratum (Khotyn district) in the

east has many large villages with gardens, apple
orchards, and agricultural land with soybean (Glycine
max), rape seed (Brassica napus) and sunflower
(Helianthus annuus) as important crops managed by
big international agricultural businesses. Due to their
distinct differences, the ‘Traditional’ and ‘Intensive
agriculture’ strata are two extremes. The three
selected districts were of similar size but varied
considerably in forest cover from 67 to 16%, and in the
proportion of agricultural land used for crop produc-
tion from 17 to 79%. Multiple indicators demonstrate
a very large contrast in agricultural intensity in terms
of crops like wheat, potatoes, sunflowers and rape seed
as well as orchards and berries, with ‘Traditional’
Putyla and ‘Intensive agriculture’ Khotyn as the
extremes (Table 1).

To describe the three strata at the spatial scale
viewed by honey bees as a home-range for foraging,
we analysed land cover at a spatial extent of
5 x 5 km. This corresponds to an approximate radius
of 2.5 km around fictive apiaries, which is consistent
with the foraging ranges reported by Wenner et al.
(1991). Using the land cover data produced by
Broxton et al. (2014) we used GIS to calculate the
proportions of seven land cover types (Table 1) for all
5 x 5 km raster cells which were located to at least
50% (1250 ha) within each district. This resulted in
37, 45 and 26 fictive honey bee home-ranges for the
three districts, respectively (see Fig. 1).

To evaluate the extent to which the land cover
distribution in local “honey bee landscapes” over-
lapped among the three strata we made a PCA
ordination (Fig. 2). The first three principal compo-
nents explained 94% of the variation. The first
principal component explained 53% of the variation
with CROP strongly associated to ‘Intensive agricul-
ture’ Khotyn and MIXFOR to ‘Traditional’ Putyla
(Table 2). Figure 3 shows the clear gradient between
these two extremes, thus confirming the steep land
cover gradient also at the spatial scale of bee foraging.
Visual inspection of the PCA ordination plot (Fig. 2)
shows that if both PCA1 and PCA2 are considered,
there is no overlap between these two case study
districts. The second principal component was fine-
gradient land cover mosaic (MOSAIC), and the third
was deciduous forest (DEC) (see Table 2).
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Fig. 1 Location of Ukraine’s Chernivtsi region (oblast) in the
eastern part of the European continent, and the three strata
(districts) ‘Traditional’ Putyla, ‘Intermediate’ Storozhynets and
‘Intensive agriculture’ Khotyn located in the regional social-
ecological system gradient in Chernivtsi region. A total of five

Methods
Social system
First, in each of the three strata we organised five

open-ended focus groups (Flick 2018) with 3-7
beekeepers in each (Fig. 1). Rural villages is a
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local focus groups were held in each of the three strata in spring
and summer 2018. The 5 x 5 km raster represents the spatial
scale of fictive honey bee apiaries’ foraging area (see Table 1,
Figs. 2 and 3)

characteristic unit throughout the study area, and
village gardens are used for food production and fruit
trees, and apiaries are usually located in beekeepers’
village gardens. Only two of the 77 beekeepers had
migratory apiaries. Thus, the data reflect where the
rural settings where beekeepers live. The beekeepers
were men, with exception for focus group number 6
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Fig. 3 Distribution of raster cells belonging to the three strata
along the PCA ordination’s first principal component score,
representing the gradient from mixed forest to agricultural

(see Fig. 1) which included one woman. The age of
focus group participants ranged from 26 to 76 years,
with the majority being 35-50 years. This reflects the
beekeeper gender situation and age distribution in
Ukraine. Focus groups began by asking one short

cropland based on the land cover proportions at the scale of
fictive apiaries (5 x 5 km raster)

question: ‘what the factors determine the well-being of
bees and beekeepers?” The subsequent completely
open-ended conversations lasted 1-2.5 h. When the
focus group conversation had ended, we asked the
participants to list the key strengths, weaknesses,

@ Springer
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Table 1 Characteristics of three strata represented by the
‘Traditional’ stratum Putyla, the ’Intermediate’ stratum Stor-
ozhynets, and the ‘Intensive agriculture’ stratum (Khotyn) in

Ukraine’s Chernivtsi region (district level statistical data from
Sarchynska 2017, and land cover data (Broxton et al. 2014) at
the scale of honey bee apiaries (5 x 5 km raster, see Fig. 1)

Criteria Variables (unit) Administrative unit (district)
Putyla Storozhynets Khotyn
Ecosystems Area (kmz) 884 1160 716
Altitude maximum (m) 925 366 244
Precipitation range (mm/year) 800-1200 650-900 600-614
Annual mean temperature (°C) January — 7 January — 6 January — 5
July + 15 July + 17 July 4+ 19
Snow cover depth mean max (m) 0.40 0.28 0.17
Social system Population size (2017), persons 26,400 100,300 62,200
Proportion urban (2017) (%) 13 24 15
The average monthly nominal wage (UAH) 2801 2410 2279
Human population density in 2017 (persons 30 86 87
km™!)
Natural increase, decrease (—) population, 220 577 — 330
persons
Economics Agricultural products (total at constant prices in  89.3 458.1 621.7
2010 in M UAH)
of which plant growing 17.4 267 485.1
of which stock breeding 71.9 191.1 136.6
of which sheep and goats 11.2 17.6 1.8
Agricultural land with wheat, potatoes, 1.2 30.5 29.4
sunflower and rape seed in 2016 (1000 ha)
Sunflower 2016 0 5.6 1.2
(1000 tons)
Orchards and berries (1000 tons), change 0.5t0 0.8 3.8 to 10.9 10.9 to 72.5
20002016 1.6-fold 2.9-fold 6.7-fold
Land cover proportions at the scale ~ Sample size 37 45 26
(5x5 km) of fictive apiaries Coniferous forest (CON) 0.14 0.00 0
Deciduous forest (DEC) 0.02 0.05 0.14
Mixed forest (MIXED) 0.59 0.33 0.01
Grassland (GRASS) < 0.01 0 0
Agricultural cropland (CROP) 0.01 0.15 0.59
Settlements (URBAN) < 0.01 0.01 0.04
Fine-grained land cover mosaic (MOSAIC) 0.23 0.45 0.22

opportunities and threats. The conversations in each
focus group were recorded, then transcribed and the
themes related to viability of bees, honey products and
other ecosystem services, as well as beekeeping as a
social activity were extracted. In order to ensure inter-
rater reliability, three of the co-authors read the
transcript independently and prepared individual list
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of themes. We then discussed the individual lists and
how the themes should be coded, and produced the
complete cumulative list of themes. These themes
were then divided into four groups to match social vs.
ecological dimensions, and themes that were intrinsic
to the local level of bees and beekeepers vs. extrinsic
(region, state and international levels). To analyse
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Table 2 PCA scores for
the three first principal

components explaining the
variation among seven land
cover types in 5 x 5 km
grid cells

Extreme values are shown

Land cover types PC 1 PC2 PC3

Coniferous forest (CON) 0.094 — 0.075 0.149
Deciduous forest (DEC) — 0.053 0.171 0.806
Mixed forest (MIXED) 0.759 — 0.288 — 0.255
Grassland (GRASS) 0.002 — 0.001 0.001
Agricultural cropland (CROP) — 0.623 — 0.561 — 0.247
Settlements (URBAN) — 0.027 0.002 — 0.005
Fine-grained land cover mosaic (MOSAIC) — 0.152 0.753 — 0.449

in bold font

differences among the portfolio of themes divided into
social vs. ecological and internal vs. external among
the three strata we used Ward’s method for hierarchi-
cal cluster analyses (Statistica 6.0 by Statsoft).

Social capital is a property of a group or a network.
Inspired by Putnam (2001), Szreter and Woolcock
(2004) and Agger and Jensen (2015) proposed a
conceptual framework for applying social capital to
study how public health and area-based initiatives,
respectively, can facilitate contact within (bonding
social capital), horizontally between networks of
actors and stakeholders in an area (bridging social
capital), and vertically with external vertical forms of
power (linking social capital). These three groups of
relations can provide the territorial and spatial plan-
ners, and other members of civil society, with
necessary access to leveraging resources, ideas and
information. Through snowballing we therefore
mapped stakeholders among societal sectors (e.g.,
farmers, local communities, authorities etc.) at mul-
tiple levels. This was analysed with beekeepers as
local units of bonding social capital through their
bridging social capital (trusting relations between
those from different other sectorial, demographic and
spatial groups) and linking social capital, which
focuses on the vertical portfolio of social relationships
(Szreter and Woolcock 2004).

For a graphical representation of the interactions
among the themes brought up in the focus groups, we
applied the fuzzy cognitive mapping (FCM) method
(Kosko 1986; Ozesmi and Ozesmi 2004; Gray et al.
2012, 2015). This illustrates the relationships between
the elements of a system, and can be used to compute
their strength. Adjacency matrices were built in MS
Excel 2016, and analysed using the FCMapper Vs 1.0
package for Excel. Graph networks were generated in
Pajek 5.06a. The importance of each theme that
emerged from the focus groups in the network is

represented by the centrality index (Ozesmi and
Ozesmi 2004). We considered only those themes,
which have centrality score above ten.

Ecological system

To capture key aspects of keeping honey bees, we
extracted four indicators from the system of honey bee
monitoring in Ukraine (Fedoriak et al. 2019), and
compiled those using three years of data (2016/2017,
2017/2018, 2018/2019) for each of the three strata
‘Traditional’ (Putyla district), ‘Intermediate’ (Storoz-
hynets district) and ‘Intensive agriculture’ (Khotyn
district). The indicators were (1) the rate of winter
colony loss, which is used internationally to monitor
the survival of managed honey bees (van der Zee et al.
2013); (2) the mean number of apiaries and colonies
per beekeeper; (3) the average amount of supplemen-
tal feeding of sugar; and (4) the proportion of
beekeepers who applied some treatment against Var-
roa mite. For the first indicator we assessed the
occurrences of differences between strata and years by
calculating 95% confidence intervals using quasi-
binomial generalized linear modelling (GzLM)
approach in van der Zee et al. (2013), and for the
second and third indicators using Statistica. For the
fourth indicator we used %~ tests.

Results

Social system

Extraction of themes affecting bees and beekeeping
A total of 33 themes were identified from the 15 focus

groups in the three strata (Table 3). While 73% of the
themes concerned social system factors, 27%
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Table 3 List of all 33 themes brought up by beekeepers in 15 focus groups held in three districts representing the strata in the social-
ecological gradient captured by Chernivtsi region in Ukraine

Theme’s short
name

Detailed description of
theme

Stratum

Grouping relative to
local beekeepers

Putyla
district

Storozhynets
district

Khotyn
district

Social Social
intrinsic  extrinsic

Ecological
intrinsic

Ecological
extrinsic

Source of
income

Satisfaction

Naturalness

Local
cooperation

Bee product
demand

Pollination

Urban
beekeeping

Few
beekeepers

Employment

Ecofarming

Beekeeping as the main or
additional source of
household income

Beekeeping as a hobby, rest,
art, a tool for self-
realization

A large number of flowering
plants for feeding bee
colonies, stable local
climate, ecologically pure
landscape and insignificant
pesticide loading

Formal and Informal
Cooperation of Beekeepers
(Beekeeping Associations)

Increasing demand for bee
products among the
population and increasing
the exportation of honey
and other beekeeping
products

Honey bee provides the
maintenance and operation
of most flowering
ecosystems of the planet by
providing pollination
services

Some beekeepers are trying
to save their bees from the
detrimental effects of
pesticides by transporting
their apiaries to cities that
are rich in flower beds and
linden alleys

Low density bee apiaries and
lack of pollinators for
crops is beneficial for
increasing the number of
colonies in the region

In remote villages of the
regional and district
centres of beekeeping
because the economy can
create jobs

The use of alternative plant
protection products will
improve the state of
environment and reduce
the loss of bees from
pesticides poisoning

+

+

_|_

_|_

@ Springer



Landscape Ecol

Table 3 continued

Theme’s short
name

Detailed description of
theme

Stratum

Grouping relative to
local beekeepers

Putyla
district

Storozhynets
district

Khotyn
district

Social
intrinsic  extrinsic

Ecological
extrinsic

Apitherapy

Parenting

Unique honey

Multilevel
governance

Native bees

Pesticide
escalation

Counterfeit
pesticides

Uncontrolled
pesticides
use

Uncontrolled
pesticide
trade

Traditional medicine uses
bee products for the
treatment of various
diseases

Involving children in
beekeeping has a positive
effect on their psycho-
emotional health and
educates a careful attitude
to nature

Production of rare varieties
of honey with high flavour,
aromatic and healing
properties

Due to the association of
beekeepers in civic
organizations, they can, at
the district or state level,
influence the legislation to
improve the beekeeping
industry in general

Aboriginal bees
evolutionarily adapted to
local environmental
conditions and use local
resources in the best way,
unlike intruded species of
bees

The use of pesticides results
in large scale loss of bee
colonies by increasing the
resistance of pests to
pesticides and leading to
the use of new stronger and
more unsafe

Counterfeit pesticides make
up to 25% on Ukrainian
market and a considered to
be major threats in
agroecosystems and
surrounding semi-natural
habitats

There is no control over the
use of pesticides and
compliance mechanisms in
agriculture

The problem with entering
the Ukrainian markets of
counterfeit and prohibited
pesticides

+

J’_

J’_

J’_
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Table 3 continued

Theme’s short Detailed description of Stratum Grouping relative to
name theme local beekeepers

Putyla  Storozhynets Khotyn  Social Social Ecological Ecological

district ~ district district  intrinsic extrinsic intrinsic extrinsic
Chinese Cheap non-quality Chinese  + + +
competition honey and counterfeit
honey falling into store
shelves leads to problems
of selling local beekeepers
products
Beekeeper- Aggravation of the conflict + +
farmer through poisoning of bees
conflict and damage to property of
farmers, difficulties arise in
resolving the conflict
Loss of skilled From the old generation + +

beekeepers beekeeper’s point of view
the experienced beekeepers
are the most skilful

High cost High costs of keeping a bee  + + + +
farm and low profitability

Low product  The presence of counterfeit + +
price and cheap Chinese honey
in the market, together
with the unstable economic
situation in the country,
leads to higher costs and a
low price for beekeeping

products
No state The lack of subsidies for + + + +
support beekeeping and the

imperfection of the laws in
the industry

Intensified Intensification of the + + +
agriculture agrarian sector leads to an
increase in pesticide
loading and monoculture
growth along with a
decrease in biodiversity

Bee food Loss of natural land covers  + + + +
decline and intensification of
agrarian production leads
to the depletion of forage
resources of bees

Too many The high density of bee + +
beekeepers colonies leads to the
depletion of feed resources
of this local environment

Climate Droughts, unstable winters, + + +
change moving the terms of
flowering leads to stress in
bee colonies and requires
them to adapt to rapid
climate change

@ Springer
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Table 3 continued

Theme’s short Detailed description of Stratum

Grouping relative to

name theme local beekeepers
Putyla  Storozhynets Khotyn  Social Social Ecological Ecological
district ~ district district  intrinsic extrinsic intrinsic extrinsic
Invasive Invasive species such as + + +
species Varroa destructor, and
potentially Vespa velutina
and Aethina tumida causes
concern to beekeepers
Fake anti- The resistance of Varroa + +
varroa destructor and the presence
products of falsification leads to
problems in the treatment
of varroosis
Import of bee  In Ukraine there is no + + +
breeds control over the import of
new species of bees
Unsafe Borrowing negative + +
innovations experiences from EU
Sum 20 22 25 12 12 6 3

Short theme names in bold are those 17 themes that were mentioned in more than 25% (i.e. 4 to 12 times) of the 15 focus groups

Table 4 Distribution of the 33 themes identified by beekeepers and distributed among social and ecological system components
(columns), and between intrinsic local level and scale vs. extrinsic higher levels of governance and larger spatial extents (rows)

Social system

Ecological system

Extrinsic to case study 12 themes in total:
(regional, national,

international levels)

3 themes in total:

Bee product demand, Multilevel governance, Counterfeit Urban beekeeping, Climate change,
pesticides, Uncontrolled pesticides use, Uncontrolled

Invasive species

pesticides trade, Chinese competition, Low product price,
No state support, Intensified agriculture, Fake anti-
varroa products, Import of bee breeds, Unsafe innovations

Intrinsic to case study area 12 themes in total:

(individual focus group)

Source of income, Satisfaction, Local cooperation, Few
beekeepers, Employment, Apitherapy, Parenting,
Pesticide escalation, Beekeeper-farmer conflict, Loss of

6 themes in total:

Naturalness, Pollination, Ecofarming,
Unique honey, Native bees, Bee food
decline

skilled beekeepers, High cost, Too many beekeepers

Bold themes represent mentioning in 4 to 12 of 15 focus groups (see also Table 3)

concerned ecological system factors (Table 4). For
social system factors the same number of factors (12)
was intrinsic and extrinsic, respectively. For ecosys-
tem factors two-thirds (n = 9) were intrinsic to the
local level. The 33 different themes were found in
0-12 of the 15 focus groups (Fig. 4).

Next, by means of hierarchical cluster analysis, we
analysed for differences among the portfolios of

themes among the three strata divided into social vs.
ecological and internal vs. external. Regarding factors
relating to the social system and intrinsic to the local
level, the focus groups from ‘Traditional’ stratum
showed higher similarity, while the focus groups from
both ‘Intermediate’ and ‘Intensive agriculture’ strata
formed one big heterogeneous cluster (Fig. 5). Con-
cerning the portfolio of factors relating to the extrinsic
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1). 2.
5}. 6.

14}. 15].

1) Satisfaction

2) Pesticide escalation

3) Climate change

4) Source of income

5) No state support

6) Naturalness

7) Native bees

8) Bee food decline

9) Counterfeit pesticides
10) Bee product demand

11) Employment

12) Apitherapy

13) Uncontrolled pesticides USE
14) Intensified agriculture
15) Ecofarming

16) Beekeeper-farmer conflict
17) Local cooperation

18) Unique honey

19) High cost

20) Uncontrolled pesticide TRADE
21) Chinese competition

22) Urban beekeeping

23) Import of bee breeds

24) Fake anti-varroa products
25) Pollination

19) 20) 21) 22) 23) 24) 25) 26) Invasive species
. . . . 27) Few beekeepers
28) Too many beekeepers

31]

L X X KX

Fig. 4 Illustration of the number of focus groups, ranging from
one to 12, in which a particular theme (n = 33) was mentioned.
The three districts ‘Traditional’ Putyla, ‘Intermediate’ Stor-
ozhynets and ‘Intensive agriculture’ Khotyn in Chernivtsi

social system three of five focus groups representing
the ‘Intensive agriculture’ stratum and one from the
‘Intermediate’ stratum formed the small cluster, while
the large cluster was a heterogeneous mixture of the
remaining 11 focus groups. Thus, the beekeepers from
both extremes of the gradient sampled had a tendency
to concentrate on particular issues, e.g., obstacles in
selling honey in the ‘Traditional’ stratum or fake
honey and pesticides in the ‘Intensive agriculture’
stratum. The beekeepers from the ‘Intermediate’
stratum referred to all those mentioned above.
Regarding factors relating to the ecological system
intrinsic to the local level, particular focus groups
within the three strata had the highest similarity
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29) Parenting
32) 33) 30) Multilevel governance
31) Low product price
32) Unsafe innovations
33) Loss of skilled beekeepers

region are shown in green, blue and red, respectively. For the
analyses of interactions between factors (see Fig. 6), only those
mentioned > 25% (> 3) of the focus groups were included

reflecting local ecological concerns, while in general
there was no clear separation among strata. Concern-
ing the portfolio of factors extrinsic to the local
ecological system there were only three themes to
analyse. The two main clusters obtained included (1)
four focus groups from the ‘Intensive agriculture’
strata and one from the ‘Traditional’, and (2) three
focus groups from the two other strata. Thus, the
cluster analysis confirmed the gradient.

For those 17 themes that were mentioned in more
than 25% of 15 focus groups (Table 3), using fuzzy
cognitive mapping (FCM), we also analysed the
positive and negative factors among the themes for
each stratum. We used the obtained data to build
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agriculture’ Khotyn, the themes were divided into four
combinations of social (to the left) vs. ecological (to the right)
dimensions, and internal to the focus group (bottom row) vs.
external to it (top row) (see Table 4)

‘;‘__f'\"smumw

= Tl coapenman-

Bicds wicmaton
Fig. 6 Interactions among themes brought up by beekeepers in
focus groups made in ‘Traditional” Putyla (left), ‘Intermediate’
Storozhynets (centre), ‘Intensive agriculture’ Khotyn (right) in
Ukraine’s Chernivtsi region. The graphs represent the 17 most
common themes of 33 (Table 3). For each graph the themes are

adjacency matrices and corresponding network graphs
for the ‘Traditional’ stratum (Putyla), the

,;éfg'?.muu..... E‘“umnlmu
Bes lood decline

Eraketpar-tamer conflict ‘Bee feod decling

divided into four combinations of social (to the left) vs.
ecological (to the right) dimensions, and internal to the focus
group (bottom row) vs. external to it (top row). Lines denote
positive relationships and dotted lines negative relationships

‘Intermediate’ stratum (Storozhynets), and the ‘Inten-
sive agriculture’ stratum (Khotyn) (Fig. 6). In the
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‘Traditional’ stratum we found 13 factors linked by 48
connections (13/48), in the ‘Intermediate’ stratum the
corresponding numbers were 15/83, and in the
‘Intensive agriculture’ stratum 15/90, respectively.
Analysis of each of the three strata’s networks in detail
showed that most of the discussed themes were
included in the FCM models for all three strata. We
found the theme ‘No state support’ to be a common
driver component for all the three networks. It was the
only strong driver component both in ‘Intermediate’
and ‘Intensive agriculture’ strata, but in the ‘Tradi-
tional” stratum it was equally important with two more
driver components: ‘Climate change’ and ‘Pesticide
escalation’. No receiver component was detected
(Fig. 6).

Focusing on those themes, which have centrality
score above ten, we found the following. For ‘Tradi-
tional’ Putyla the highest individual weights were
‘Satisfaction’ (16), ‘Source of income’ (14) and
‘Native bees’ (11); for ‘Intermediate’
Storozhynets ’Satisfaction’ (20), ‘Pesticide escala-
tion’ (18), ‘Intensification of agriculture’ (16), ‘Local
cooperation’ (16), ‘Source of income’ (13), ‘Bee food
decline’ (13), ‘Counterfeit pesticides’ (11), ‘Bee
products demand’ (11), ‘Native bees’ (10). In ‘Inten-
sive agriculture’ Khotyn we detected nine themes with
a high centrality score ‘Pesticide escalation’ (20),
‘Satisfaction’ (19), ‘Uncontrolled use of pesticides’
(15), ‘Intensification ~ of  agriculture’ (15),

‘Miscommunication between beekeepers and farmers’
(14), ‘Ecofarming’ (13), ‘Local cooperation’ (13),
‘Employment’ (12), ‘Source of income’ (12).

The relationships between the separate themes are
complicated, and can have both positive and negative
effects on each other. For instance, intensification of
agriculture has positive impact on pesticide escalation,
but also ecofarming as a means of environmental
mitigation. The main positive effect of ecofarming is
increasing of bee products demand and thus of
household income. Pesticide escalation has negative
impact on all ecological factors, but has a positive
impact on the level of local cooperation. Weak system
of state support has negative impact on native bees.
Simultaneously it has positive impact on local coop-
eration that leads to supporting native bees. In total
local cooperation is stronger in cases when other social
factors are weak. ‘Satisfaction’, ‘Source of income’
and ‘Employment’ are common for all three strata, and
have positive impacts on all others.

Stakeholder mapping

Dividing the stakeholder types mentioned in the focus
groups among sectors and levels of governance we
found that in the ‘Intensive agriculture’ stratum all
sectors and levels of governance were mentioned. This
shows that beekeepers as local units of bonding social
capital possess bridging social capital (trusting

Table 5 Stakeholder groups and their distribution among levels of governance (rows) and sectors including academia (columns)

Civil sector Public sector Private sector Academia
Putyla International  Tourists EU
Ukraine Government officials
Region District government Bee monitoring
Local
Storozhynets International EU
Ukraine Government officials Institute of
beekeeping
Region Bee monitoring
Local
Khotyn International European buyers Bee monitoring
Ukraine Exporters Bee monitoring
Region State service on food Buyers of bee Bee monitoring
safety packages
Local Local territorial Farmers

communities
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relations between those from different other sectorial,
demographic and spatial groups) as well as linking
social capital focusing on the vertical portfolio of
social relationships. In contrast, the portfolios for the
other two strata were incomplete (Table 5); in both
strata private sector was missing, and in the ‘Interme-
diate’ stratum neither civil sector nor local level were
mentioned. Hence both bridging and linking forms of
social capitals were not well developed.

Ecological system: honey bee colony losses

The honey bee colony loss rates in all the three
investigated winters were significantly higher (no
overlap between 95% Cls) in the remote mountain
stratum Putyla compared to the ‘Intensive agriculture’
stratum Khotyn (Fig. 7). In spite of the more natural
conditions in the remote mountain region the winter
loss rates for 2016/17, 2017/18, 2018/19, were
15-22% compared to 8-14% in the ‘Intensive agri-
culture’ stratum. The ‘Intermediate’ stratum loss rates
were 6—14%. The number of apiaries cared for by each
beekeeper varied between one and five, and did not
depend on landscape stratum or year, thus we can
conclude that average number of apiaries per bee-
keeper in Chernivtsi region is 1.2. The number of
colonies per beekeeper before wintering varied

25 1
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Fig. 7 The overall winter loss rate of honey bee colonies in
Chernivtsi region, Ukraine. The number of responding bee-
keepers (n) is shown for each stratum and year. Error bars denote
95% confidence intervals
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Fig. 8 The average number of colonies per beekeeper in three
landscape strata in Chernivtsi region, Ukraine. The number of
responding beekeepers (n) is shown for each stratum and year.
Error bars denote 95% confidence intervals
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Fig. 9 The average amount of supplemental feeding of sugar
(dry matter) used by the beekeepers in three landscape strata of
Chernivtsi region, Ukraine. The number of responding bee-
keepers (n) is shown for each stratum and year. Error bars denote
95% confidence intervals
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Fig. 10 Proportion of beekeepers of Chernivtsi region, Ukraine
who apply any treatment against Varroa mites. The number of
responding beekeepers (n) is shown for each stratum and year

agriculture’ stratum. There were no statistically sig-
nificant differences neither among strata nor among
years (Fig. 8). Sugar feeding was used as a supplement
in all three regions. The average amount of sugar
supplied per colony varied between 3.35 and 8.05 kg,
without spatial and temporal differences (Fig. 9).
Finally, the proportion of beekeepers who applied
some kind of treatment against Varroa mite was
always > 50%, but not different among the three
strata for any of the 3 years (Fig. 10; y* = 3.3,
p=0.19; x> = 0.08, p = 0.96; ¥* = 3.86, p = 0.14).

Discussion

Are both ecological and social factors important
for colony losses?

Like any of nature’s benefits to people (Pascual et al.
2017), ecosystem services derived from bees are
affected by factors in both ecological and social
systems. However, monitoring and research on bee-
keeping and bee health in Europe focus on ecological
aspects (e.g., Brodschneider et al. 2018; Gray et al.
2019). This study highlights the need to add a social
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system perspective in terms of beekeeper practices and
skills, and collaborative capacity. Horizon scanning
through focus groups is a tool to do that by gathering,
processing and disseminating information to support
decision-making in the future (e.g., Shackleton et al.
2017; Sutherland and Woodroof 2009; Bengston
2013). A horizon scanning is both an approach to
begin the process of knowledge production and
learning with practitioners, and to interpret and discuss
the results from research. For managed honey bee
colonies the key practitioner is the beekeeper. The
main factors sustaining honey bee colonies are bee-
keepers’ background and practices (Jacques et al.
2017).

According to Flyvbjerg (2001, p. 60) a key role of
social science is”...to carry out analyses and inter-
pretations of the status of values and interests in
society aimed at social commentary and social action,
i.e. praxis...”. This can be addressed through three
questions to those who are involved with praxis, for
example beekeepers: Where are we going? Is this
desirable? What should be done? In this study the
focus group approach to horizon scanning addresses
those kinds of questions, and analyses how they are
connected. This social science approach was comple-
mented with analyses of honey bee colony losses and a
set of factors affecting this.

Lack of nectar and pollen producing flowers is
known to be one of the drivers of bee decline (Goulson
et al. 2015). van der Zee et al. (2013) suggested that
presence of oilseed rape or maize might also be
indicative of a lack of diversity of forage, which could
have detrimental effects on honey bee colonies.
Agricultural crops are also expected to contain agri-
cultural chemicals that may have negative effects on
honey bees, including favouring the diffusion of bee
diseases by sub-lethal doses of immunosuppressive
pesticides and contributing to stress-induced colony
losses (Sanchez-Bayo et al. 2016). This is especially
relevant for Ukraine, which is known for intense and
uncontrolled use of pesticides, including high per-
centage of fake-labelled (Lycholat 2018), severe
summer losses of bees as a result of poisoning happen
regularly (e.g., Anon. 2018). In a recent international
study by Gray et al. (2019) of the relative colony loss
rates, beekeepers reported whether or not their honey
bees had access to orchards, oilseed rape, maize,
sunflower, heather and autumn forage crops (intended
as melliferous plants growing on land lying fallow).
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The results indicated that for all these plant sources
except sunflower, beekeepers responding “No” had
significantly lower losses than those responding
“Yes” or “Don’t know”. However, the results varied
greatly between countries. For example, for orchards,
“No” usually corresponded to the lower loss rate, with
an exception for Portugal. For oilseed rape, for
Finland, Scotland, Serbia and Ukraine “Yes” respon-
ders had a lower loss rate than respondents who
answered “No”, while in Austria, France and Ger-
many the outcome was the opposite (Gray et al. 2019).

Our results from the Ukrainian case study show that
the hypothesis that bee colony losses should be higher
in an intensively managed agricultural landscape
compared to a traditional cultural landscape could be
rejected. The reason is that during all 3 years the
pattern was the opposite. Analysing the ecological
system, all the three strata have not only different
landscape characteristics at district and bee foraging
scales (Table 1) and cultural traditions, but also
different climatic conditions, as well as nectar and
pollen food conditions for honey bees. Winters in the
highlands of the ‘Traditional’ stratum are longer and
colder with higher amount of snow (Table 1). There-
fore, the risk of colony mortality as a result of
suffocation at high snow cover and/or starvation is
higher. On the other hand, in the lowland ‘Intensive
agriculture’ Khotyn stratum the daily air temperature
amplitudes are wider, causing difficulties for winter-
ing bees as night frosts are often followed by thaws
(Gerenchuk 1978; Sarchynska 2017).

Rather, the results from the focus groups suggest a
social system hypothesis for the observed pattern.
Governance and management of natural resources can
be characterised as good if evidence-based knowledge
is good and stakeholder engagement is broad across
sectors and societal levels (e.g., Lee 1993). In fact,
most (73%) of the 33 beekeeping themes identified by
beekeepers concerned the social system. In this study,
the richness of themes brought up by beekeepers in the
focus groups (Table 3), and the number of stakehold-
ers mentioned (Table 5), were higher in the ‘Intensive
agriculture’ stratum compared to the ‘Traditional’
stratum (25 vs. 20, respectively, Table 3; 9 vs. 5,
respectively, Table 5). This suggests that beekeepers’
knowledge about honey bee management, and about
their social-ecological system, affects the level of
honey bee colony losses, which is consistent with
results recently presented by Oberreiter and

Brodschneider (2020). This requires systems analyses
of honey bees and beekeeping. The fuzzy cognitive
mapping approach allows the discovery of character-
istic patterns of interaction among the themes brought
up by beekeepers. Three examples from our three
strata are the following.

In the remote ‘Traditional’ stratum (Putyla) the
following linkages (marked with an arrow) were
observed: “naturalness” — “native bees” — ”unique
honey” —”source of income” —”employment”.
Thus, in beekeepers’ opinion their aboriginal bees,
which are evolutionarily adapted to use local
resources, ensure unique honey of the high quality
and taste. Naturalness of the landscape attracts
customers, helps to promote the products, which
results in stable income. In the ‘Intermediate’
Storozhynets the linkages were “no state sup-
port — “uncontrolled pesticide trade” — “counter-
feit pesticides” — “urban beekeeping”. This implies
that beekeepers think that rural beekeeping tends to
decay because state control of pesticide trade and
quality is inefficient. This promotes development of
beekeeping in urban environments. Finally, for the
‘Intensive agriculture’ stratum the linkages were
“miscommunication between beekeepers and farm-
ers” — “pesticide escalation” — “uncontrolled pes-
ticide use” — “beekeeper-farmer conflict”. Thus,
keeping their bees in a landscape with severe domi-
nance of agricultural land (Table 1) with uncontrolled
pesticide use (Lycholat 2018), beekeepers in this
stratum suffer poisoning of bees regularly (e.g., Anon.
2018). This provokes severe beekeeper-farmer con-
flicts, including strikes with road closures, and delib-
erate damage to agricultural machinery.

Given its large size, diversity of ecoregions, and
diverse types of SES, Ukraine is well suited for
analyses of the effects of temporal and spatial as well
as socio-economic factors on bee well-being and
beekeeping. Comparative studies with other bee-
human resource systems (e.g., Patel et al. 2020) using
the SES framework would also be valuable.

Beekeeping as a social innovation supporting rural
development

A general trend in Europe is that new inhabitants and
new kinds of jobs in rural areas are no longer provided
by traditional sectors such as agriculture and forestry
aimed at wood and biomass production only (e.g.,
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André 1998; MacDonald et al. 2000). This leads to
migration from rural to urban areas within countries
(e.g., Keuschnigg et al. 2019 about Sweden; Burneika
et al. 2014 and Ubareviciene; Van Ham 2017 about
Lithuania). Countries in transition are particularly
vulnerable. For example, Ukraine has experienced a
sustained demographic crisis since independence in
1991. In a European context Ukraine demonstrates an
unprecedented negative natural increase (Skryzhevska
and Karacsonyi 2012). Ukraine’s population declined
from 52 million in 1990, 45 million in 2013 and 42
million in 2018, fertility remains far below replace-
ment, and emigration is still of concern (Romaniuk
and Gladun 2015; State Statistics Service of Ukraine
2018). Rural areas are particularly vulnerable, but the
decline process can sometimes be balanced through
amenity migration (Niedomysl 2008), retirement
(Lundholm 2012), nature- and culture based tourism
focused on wilderness and biodiversity (Sievinen
etal. 2013), and attracting new inhabitants by valuable
nature and cultural landscapes (Eimermann 2015). In
response to rural decline in Ukraine, Skryzhevska and
Karacsonyi (2012) recommended that governmental
policies should aim at improving economic and social
well-being in rural landscapes.

In our study, the theme ‘No state support’ was
mentioned in all the three strata, and with the largest
number of concerned focus groups in the ‘Intensive
agriculture’ stratum (Table 3, Fig. 4). By applying
fuzzy cognitive mapping ‘No state support’ was a
common driver for all the three networks (Fig. 6). In
the Ukrainian context, ‘No state support’ means that
beekeepers feel neglected by the state authorities and
left to fend for themselves with the various problems
of post-Soviet legacy. Examples include uncontrolled
use of pesticide by farmers, illegal transfer of pesti-
cides across borders, use of fake pesticides, diseases of
bees, natural disasters, low prices on honey and other
bee products in the domestic market and limited
access to the international market.

Supporting development towards what could be
called sustainable landscapes (Antrop 2006) requires
skills to navigate the complexity of interactions within
landscapes as social-ecological systems. It is thus
essential to focus both on sustainable development as
an inclusive societal process (Baker 2016), and on
ensuring sustainability in local landscapes and regions
as a consequence of this process. This requires place-
based solutions that are adapted to regional socio-
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ecological contexts (Potschin and Haines-Young
2013; Lazdinis et al. 2019). The term landscape
approach (Sayer et al. 2013) captures this, and is
illustrated by the idea of “compass and gyroscope”
(Lee 1993), i.e. production of evidence-based knowl-
edge about states and trends of sustainability dimen-
sions, and fostering of stewardship and dialogue
among stakeholders at multiple levels and sectors.
The latter can be facilitated by beekeepers having
bonding social capital who can collaborate with other
stakeholders and actors both horizontally between
networks of actors and stakeholders in an area
(bridging social capital), and vertically with external
vertical forms of power (linking social capital).
Landscape approach thus entails collaboration among
researchers, practitioners and policy makers and other
stakeholders based on actions to promote a sustainable
development process and sustainability in their own
place and region (Angelstam et al. 2019a). At the end
of the 1990s, many scholars started calling this process
‘social innovation’ (Moulaert et al. 2005). Collective
actions has a long history in rural landscapes with
traditional forms of land use (Angelstam and Elba-
kidze 2017; Primdahl et al. 2018), such as Ukrainian
villages’ beekeeping practices. Where these forms of
landscape stewardship have disappeared, or did not
exist, new social innovations have been proposed.
Long-term socio-ecological research platform (An-
gelstam et al. 2019b), Model Forest (Besseau et al.
2002), and living labs (Dutilleul et al. 2010) are three
examples.

This study suggests that beekeeping can be viewed
as an example of a traditional practice that has the
function of a social innovation. As such, beekeeping
based on beekeepers with good knowledge about the
ecological system, about navigating the social sys-
tem’s different sectors and levels of governance, as
well as interactions between social and ecological
systems, should be scaled up to other aspects of rural
development. This is particularly relevant in a post-
Soviet context, as well as in the current situation with
permanent efforts towards reformation in Ukraine
(Krastev 2006, 2007).

Conclusions

Beekeeping is complex, and requires multiple skills in
spheres of not only ecological, but also economic,
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cultural and social sustainability. Our results suggest
that the hypothesis that honey bee colony losses
should be higher in an intensively managed agricul-
tural landscape compared to a traditional cultural
landscape is not supported. Instead, the results from
the focus groups suggest a social system hypothesis for
the observed pattern. Beekeeping can be viewed a
social ‘glue’ that strengthens the opportunity for
landscape stewardship for the provision of multiple
ecosystem services in particular, and rural develop-
ment in general. Thus, a transdisciplinary process of
knowledge production and learning focusing on
systems analyses of entire SES is needed.
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