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Agroecology: creating synergies betw
een hum

an and natural capital in the m
anagem

ent of agrobiodiversity for food provisioning and resiliency

A closer look at N
orw

ay’s natural capital—
how

 enhancing urban 
pollination prom

otes cultural ecosystem
 services in O

slo

E
RIKE. STAN

G
E 1, D

AVID
N

. B
ARTO

N
2, G

RACIELA
M

. R
U

SCH
3

1N
orw

egian Institute for N
ature Research (N

IN
A), Lilleham

m
er, N

orw
ay 

2N
orw

egian Institute for N
ature Research (N

IN
A), O

slo, N
orw

ay
3N

orw
egian Institute for N

ature Research (N
IN

A), Trondheim
, N

orw
ay

Introduction

Insect­m
ediated pollination is both an ecological process and an ecosystem

 service that advocates of
biodiversity conservation frequently highlight and prom

ote because of its im
portant role in food production. Yet

the benefits for hum
an w

ell­being provided by pollinators extend beyond pollinators’ contributions to producing
m

any of our food sources (Garibaldi et al., 2016). An estim
ated 250 000 species of flow

ering plants depend on
biological pollinators (Abrol, 2012). Pollinators are involved in the reproduction of plants that contribute to the
provision of fibres, forage, tim

ber and other forest products, from
 firew

ood to m
edicinal products (Krem

en et al.,
2007). Pollinators are also integral in the life cycles of the m

any w
ild plant species that provide other ecosystem

services involved in regulating and m
aintaining desired ecosystem

 functions. The flow
ers that plants produce to

attract insect pollinators have broad aesthetic appeal, and their occurrence in a landscape helps define m
any of

the attributes that contribute to the values w
e assign to virtually all cultural ecosystem

 services.
M

any of the ecosystem
s that provide im

portant provisioning and regulating services are located far outside
cities, rendering these ecosystem

s services virtually invisible to city inhabitants. How
ever, city residents are able

to directly perceive and experience m
any cultural ecosystem

 services m
ore locally. Cultural ecosystem

 services
therefore provide clearer and m

ore intuitive exam
ples of environm

ent­to­benefit linkages than m
any m

aterial
ecosystem

 services and can be a useful tool for both m
anaging urban green spaces and prom

oting urban
sustainability (Anderson et al., 2015). As an ecological process, pollination is either directly or indirectly involved
in a w

ide array of cultural ecosystem
 services. Pollination is crucial for cultivating fruits and vegetables that m

any
urban residents grow

 in back yards or allotm
ent gardens. Fruit and vegetable gardening in urban environm

ents is
in m

any w
ays m

ore of a recreational pursuit that provides an opportunity to learn about natural processes and
transfer this know

ledge across generations and social groups (Barthel et al., 2010) than a m
eans of producing

food. The gardens, orchards and other urban green spaces w
here pollinators forage and facilitate plant

reproduction are often landscape features that help define m
any urban residents’ sense of place and their cultural

heritage. The increased contact that residents have w
ith green spaces in urban environm

ents has m
any health

benefits as w
ell, including positive psychological effects (Tzoulas et al., 2007), and decreasing the prevalence of

allergies and chronic inflam
m

atory diseases (e.g. Hanski et al., 2012) and others.
U

rban beekeeping (or apiculture) is an activity w
hose popularity has increased noticeably in the past decade

in m
any European and N

orth Am
erican cities. W

hile a portion of urban beekeepers keep and m
aintain beehives

prim
arily for consum

ing the honey that bees produce—
a provisioning ecosystem

 service—
a good deal of the

m
otivation for urban beekeeping for m

any stem
s from

 the cultural and non­consum
ptive aspects of beekeeping.

O
ver half of the w

orld’s population and nearly three quarters of Europe’s population lives in cities (U
nited N

ations
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Population Division, 2015). The highly m
odified character of urban areas often lim

its residents’ contact and
fam

iliarity w
ith the natural com

ponents of ecosystem
s and the ecological processes that support hum

an societies.
U

rban apiculture is a w
ay of re­establishing the connections betw

een city residents and their natural environm
ent

by both raising aw
areness of pollination’s central role as an ecological process and ostensibly increasing the

capacity of a city’s pollinators to assist the reproduction of plants grow
ing in urban green areas. U

rban apiculture
can also contribute relational values (Chan et al., 2016) of urban nature w

hen beekeepers practice beekeeping
w

ith fam
ily m

em
bers, together in local beekeeping groups, and prom

ote aw
areness of the urban landscape

through courses, m
arket days and other sim

ilarly social activities.

U
rban beekeeping and pollinator aw

areness in O
slo, N

orw
ay

ByBi (N
orw

egian for ‘city bee’) is an urban beekeeping organisation founded in O
slo in 2012 and a chapter of

the national N
orw

egian Beekeepers Association (N
orges Birøkterlag). Its m

em
bership consists of both practicing

beekeepers and ot hers w
ho are generally interested in various aspects of bee pollination. The group’s goals are

to both prom
ote the positive attributes of honey (culinary, nutritional and m

edicinal) produced by dom
estic bees

and to create educational opportunities and raise aw
areness of the im

portance of all insect pollinators. ByBi’s
organisers' intention that the group’s activities can help im

prove conditions for b oth dom
estic and w

ild bee
pollinators in the O

slo area and thereby contribute to im
proving the O

slo m
etropolitan area’s overall biodiversity.

(M
ore inform

ation about the group and its activities can be found at the group’s w
ebsite: http://w

w
w

.bybi.no.)
ByBi organisers operate a handful of apiaries w

here visitors can com
e and learn about beekeeping from

 an
experienced beekeeper. Interested individuals can participate in the care and m

aintenance of the cubes or
even help harvest the honey
that bees produce. ByBi also
contributes to education about
pollinator ecology by offering
courses for first­tim

e beekeepers
w

ho are interested in establishing
their ow

n beehive (Figure 1).
The rise in urban beekeeping
has 

contributed 
to 

reversing
the decline in the num

ber of
beekeepers 

in 
N

orw
ay: 

the
num

ber of registered N
orw

egian
beekeepers 

has 
increased

considerably 
from

 
its 

low
est

num
ber (2 501) in 2011 to 3 715

in 2015 (N
orw

egian Beekeepers
Association, 2016). Together

w
ith the apiaries operated by private individuals w

ho are also affiliated w
ith ByBi, the O

slo urban area has been
hom

e to around 50 apiaries during the past 3 to 4 years, w
ith locations distributed throughout the 250 km

2of the
city’s developed area. The scale of these urban apiaries is quite m

odest com
pared w

ith honeybee colonies used
in com

m
ercial honey production and crop pollination. W

hile one or tw
o of the locations operated by ByBi have
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Figure 1

ByBi provides 
instruction in 

the fundam
entals 

of apiculture, 
enabling urban 

residents w
ho are 

new
 to beekeeping 

to enjoy the activity 
and increasing 

the overall benefit 
of this cultural 

ecosystem
 service 

(photo: ByBi).
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as m
any as 10 cubes, the average size of an apiary is three cubes. In the 2015 season, ByBi­affiliated beekeepers

w
ith hives located in the O

slo m
etropolitan area produced roughly 3 600 kg of honey, m

ost of w
hich w

as for
private consum

ption.

Pollinator Passage

An effort that best illustrates ByBi’s interest in prom
oting insect pollination in general is their role as initiator,

creative executor and coordinator for the ‘Pollinator Passage’ project (Pollinatorpassasjen; http://w
w

w
.

pollinatorpassasjen.no). The project has also received financial and infrastructural support from
 the N

orw
egian

Environm
ental Agency, a gardening­oriented N

G
O

 called Det N
orske H

ageselskapet (the N
orw

egian G
arden

Collective) and a handful of com
panies based in the O

slo area. As its nam
e indicates, the Pollinator Passage aspires

to increase the connectivity of O
slo’s existing green areas w

ith areas containing new
ly planted flow

ering vegetation,
creating a corridor through the city w

here pollinating insects can find both sufficient floral resources and nesting
sites. The corridor is to extend from

 the Sognsvann lake in the north­w
estern portion of O

slo to the N
øklevann

lake in O
slo m

unicipality’s south­eastern extent, passing through the m
ore densely developed area in the urban

area’s centre. The principle is that the city’s intensely developed centre, w
ith its high degree of im

perm
eable

surfaces, lacks sufficient resources for insect pollinators and thereby lim
its their occurrences and hinders their

m
ovem

ent through this landscape. To rectify this, the
project is prom

oting an increase in both the density and
duration of flow

er availability for nectar­rich floral
resources in O

slo’s developed area. Participants are
encouraged to plant bee­friendly flow

ers in boxes,
flow

erbeds 
and 

rooftops. 
Pollinator 

Passage 
also

prom
otes constructing and m

ounting boxes that can
serve as ‘bee hotels’ for bum

blebees w
ith a variety

of nesting substrates (Figure 2), or increasing the
availability of dead w

ood that also serves as nesting sites
for m

any solitary bee species.
The organisers behind the Pollinator Passage project

clearly designed it to encourage participation by
city residents, particularly those w

ho m
ight be m

ore
ecologically uninitiated. Project m

aterials distributed
during prom

otional events and published on the
project’s 

w
ebsite 

invite 
people 

to 
consider 

the
landscape from

 a pollinator’s perspective in a w
ay

participants can identify w
ith: as a tourist in the big city.

The m
aterials ask participants the follow

ing: ‘W
here

w
ould you go, and w

hat w
ould you do? H

ow
 is the

nightlife for pollinators in O
slo? W

here are the m
eeting places and the good pick­up spots? W

here are the
restaurants w

ith the best food a nd w
here can one find a hotel? Is it at all possible for a pollinator to get a bite to

eat and find shelter in this city?’ Prom
otional m

aterials provide general inform
ation about pollination as an

ecological process and its general im
portance, stressing how

 changes in land use have decreased the floral
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Figure 2

A bee hotel: 
functional ecological 
design im

proving 
bum

blebee habitat 
quality in O

slo’s 
Sagene neighborhood, 
constructed as part of 
the Pollinator Passage 
project (photo: ByBi).
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resources and nesting sites for m
any species of pollinating insects. M

aterials also describe the m
ain groups of

insect pollinators, including the three groups of bees (honeybees, bum
blebees and solitary bees), along w

ith
butterflies, flies and beetles.

M
aterials inform

 participants about w
hat constitutes an ideal habitat for pollinators, using anthropocentric

term
s selected to reinforce a sense of solidarity betw

een people and pollinating insects. Floral resources (‘food’)
are described using term

s like m
enu, ingredients, dishes and restaurants. N

esting sites (‘housing’) are discussed
using term

s like hotels, furniture, room
s, roofs and carpeting to describe the w

ays participants can construct or
otherw

ise provide for the different types of nesting sites used by different groups of bees. The overall tone suggests
a good dose of playfulness and
fun that m

akes the activities
particularly attractive to children
(and their parents). The project
also has a m

ascot, Polli Pollinator,
further increasing its appeal to the
younger crow

d.
A m

ajor com
ponent of the

project’s w
ebsite aim

s at fostering
collective participation through
m

apping the contributions project
participants 

have 
m

ade 
to

increase the city’s habitat quality
for pollinators (Figure 3). After
registering w

ith a user nam
e and

passw
ord, participants can add

features to the m
ap—

preferably
w

ith 
pictures—

that 
illustrate

w
here participants have m

ade
im

provem
ents in the availability of

nectar­rich flow
ers. Contributors

can register their eating site as
either pots, flow

erbeds, roofs, gardens, housing association property, sm
all plots of land (including publicly ow

ned
land) or other ‘unusual places’. Participants can register locations for overnight housing, selecting from

 a m
enu

that includes dead w
ood, insect hotels, sandy soil nests, other bum

blebee nests, w
alls, flow

ers and honeybee
hives. Participants can also register w

here they observed insect pollinators, or attractions of general interest such
as locations of honeybee hives.

M
apping O

slo’s pollinator habitat quality

O
ther efforts are also underw

ay to assess how
 conditions for pollinating insects and other aspects of O

slo’s
natural capital m

ight vary across the city. ESTIM
AP

is a collection of spatially explicit m
odels developed to support

the m
apping of ecosystem

 services at a national and continental scale to provide inform
ational support necessary

for drafting and enforcing EU
 environm

ental policy (Zulian et al., 2013). ESTIM
AP’s pollination m

odel w
as
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Figure 3

Interactive m
ap 

from
 the Pollinator 

Passage project’s 
w

ebsite, illustrating 
w

here project 
participants have 

recorded the 
locations of 

floral resources, 
nesting sites, and 
observations, and 
other attractions 

related to all 
types of bees 
(photo: ByBi).
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developed based on the InVEST m
odel (Sharp et al., 2016), and uses land­cover category data to estim

ate the
capacity of different landscapes for providing pollinating insects w

ith food and shelter. Experts on pollinator biology
provide value w

eights for land­cover categories that reflect the availability of floral resources and nesting sites.
The m

odel also incorporates the foraging distances for a given group of pollinator bee species, com
bined w

ith an
activity index based on local clim

atic conditions (tem
perature and solar irradiance), to derive an index of relative

pollinator abundance for each cell of a land cover m
ap. At the European continental scale, the m

odel uses Corine
Land Cover data, w

hich produces an output m
ap w

ith a 100 × 100 m
 (1 ha) resolution that is particularly useful

for illustrating w
here agriculture m

ight experience pollinator deficits at a regional scale.
Researchers from

 the N
orw

egian Institute for N
ature Research (N

IN
A) and the European Com

m
ission’s Joint

Research Centre, w
ith cooperation from

 the U
rban Environm

ent Agency in O
slo m

unicipality, are exploring
ESTIM

AP’s utility as a tool for inform
ing and assisting urban planning. By utilising the city’s high­resolution spatial

data, ESTIM
AP

has the potential to illustrate how
 habitat quality for pollinators varies w

ithin the m
unicipality

and to depict the distribution of an im
portant aspect of O

slo’s overall biodiversity. O
slo is Europe’s fastest grow

ing
capital city, and city planners are interested in finding and using tools than can ensure the city’s expected grow

th
does not com

prom
ise its existing natural capital. ESTIM

AP
m

apping also has the potential to inform
 current

m
anagem

ent decisions directly connected to insect pollinators. W
hile the prim

ary m
otivation for urban apiculture

is to im
prove or enhance the city’s biodiversity, there is a concern that an increased population of dom

estic
honeybees m

ight com
pete w

ith a num
ber of threatened native bum

blebee and solitary bee species. As a
precautionary m

easure, the U
rban Environm

ent Agency recently proposed establishing ‘honeybee­free zones’ to
protect w

ild bee populations w
ithin the city lim

its.
Applying the ESTIM

AP
pollination m

odel to the city of O
slo represented an opportunity to test the m

odel’s
capacity to describe variation in pollinator habitat quality at the spatial scale required to identify existing gaps
w

here pollinator passagew
ays could be strengthened. Com

bining pollinator­habitat hotspot m
apping

w
ith locations of threatened

w
ild bee species could also

provide greater  accuracy for
identifying actual no­go areas
for dom

estic honeybee hives.
O

slo 
m

unicipality 
has 

a
w

ealth of high­resolution
land­cover data (10 × 10 m
rasters) available for m

odel
inputs. 

Experts 
on 

bee
ecology 

from
 

the 
N

IN
A

provided 
the 

param
eter

w
eighting for the landscape

attributes described in the
m

unicipality’s data to reflect
land cover’s relative habitat
suitability, 

scaled 
from

 
0

(com
pletely unsuitable) to 1

(ideal habitat). The resulting output m
ap (Figure 4) displays the variation in habitat quality for the built areas of

O
slo m

unicipality. This m
ap illustrates a num

ber of areas w
ith high pollinator habitat quality, identified by blue

239

Figure 4

Exam
ple of 

ESTIM
AP 

output m
ap 

that displays 
variation in 
pollinator habitat 
quality in O

slo, 
N

orw
ay.  
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colours, w
hich correspond to areas featuring greater proportions of green infrastructure. The m

ap illustrates a
num

ber of areas w
here pollinator habitat quality is far low

er, particularly the city’s centre and a stripe extending
from

 the city centre to the north and east, w
here a transport and heavy industrial activities dom

inate the city
landscape.

W
e em

ployed tw
o m

ethods for assessing the validity of the ESTIM
AP

m
odel and the estim

ated w
eights of

land­cover categories’ value for urban pollinating insects. The first involved sam
pling the com

m
unity of pollinating

insects using pan traps (Figure 5). Trap sam
ples

provided estim
ates of the overall abundance and

species diversity of the three types of bees
(honeybees, bum

blebees and solitary bees), along
w

ith 
other 

insect 
pollinators 

(beetles, 
flies,

m
oths/butterflies and other insects) attracted to

the traps. Honey­production figures, supplied by
ByBi­affiliated 

beekeepers, 
also 

provided 
a

com
plem

entary m
ethod for assessing the quality

and quantity of floral resources available to
O

slo’s honeybees. U
nfortunately, these tw

o
com

plem
entary 

approaches 
provided 

neither
a clear confirm

ation nor a negation of the
ESTIM

AP
m

ap output. Population abundance and
com

m
unity diversity did not vary significantly

according to the m
ean ESTIM

AP
scores of areas

that surrounded trap locations as defined by
potentially relevant foraging distances (500 m

,
1 000 m

 or 1 500 m
 radii). Honey production also

did not vary according the m
ean ESTIM

AP
scores

of areas surrounding beehive locations.
The lack of a relationship betw

een the
ESTIM

A
P

m
odel 

and 
sam

pled 
pollinator

abundance does not necessarily im
ply either that

pollinator habitat quality is uniform
 across the city

or that the m
odel is incorrect. Pollinating insects are highly m

obile, and thus able to access patches w
ith floral

resources provided the patches are w
ithin reasonable proxim

ity of other foraging areas. U
nfortunately, this m

akes
it difficult to verify the ESTIM

AP
pollination m

odel at the spatial resolution necessary for urban land use
m

anagem
ent—

either w
ith the m

ethods w
e used or any others that are appropriate for sam

pling pollinating
insects. The high degree of heterogeneity in the urban landscape also suggests that the initial param

eter w
eights

used in the ESTIM
AP

first output m
ap m

ay need to be adjusted to reflect a greater habitat suitability than w
as

originally assum
ed by the bee ecology experts.

The ESTIM
AP

m
odel identified num

erous areas w
ith low

 proportions of flow
ering vegetation that correspond

to the areas that the Pollinator Passage project seeks to im
prove. How

ever, even in these areas w
e find sm

all
patches of flow

ers along roadsides and abandoned lots, or m
aintained flow

erbeds. Results from
 this trap­based

sam
pling indicate that the distribution of these patches has sufficient connectivity to allow

 for considerable
num

bers of pollinators to reach and forage am
ong the m

ore isolated flow
ers. Dom

estic honeybees appear

240

Figure 5

Pan traps used 
for sam

pling insects, 
here located in a 

sm
all patch of 

native vegetation 
near O

slo’s harbor 
(photo: Erik Stange).
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sim
ilarly able to overcom

e the existing gaps betw
een patches w

ith floral resources such that variation in
honey production appears to be unrelated to the abundance of high­quality foraging areas in the area im

m
ediately

surrounding the beehives.
The ESTIM

AP
verification results actually  provide inform

ation that is uplifting and useful for both the Pollinator
Passage project and conservation of urban pollinating insects in general. First, the m

apping exercise m
ore explicitly

describes the distribution of variation in pollinator habitat quality across the city, confirm
ing the project’s initial

intent to focus on im
proving conditions in the central portions of O

slo and identifying add itional areas w
here

m
easures m

ight be of use. Yet m
ore im

portantly, the sam
pling indicates that even sm

all areas are often capable
of providing sufficient floral resources to attract pollinators. O

ther studies have show
n that flow

er availability in
sm

all patches correlates positively w
ith both bee density and diversity (Bennett et al., 2014; Kallioniem

i et al.,
2017). W

e can reasonably expect that any  efforts m
ade to increase the overall density of patches in the landscape

w
ill also im

prove the conditions for insect pollinators by both providing additional flow
ers and decreasing the

pollinators’ energy dem
ands for foraging.

Conclusions

The m
apping activities from

 both the Pollinator Passage and the ESTIM
AP

m
odel provide inform

ation that
strengthens the links betw

een O
slo’s natural and cultural capital. The im

provem
ents to the connectivity of

pollinator habitat that are inspired by the Pollinator Passage project enhance an im
portant com

ponent of O
slo’s

green infrastructure and are in line w
ith the European Com

m
ission’s green infrastructure strategy (European

Com
m

ission, 2013). Cooperation betw
een the researchers w

orking w
ith ESTIM

AP
and individuals involved in

ByBi’s activities enhance opportuniti es for learning and discovery about the city’s green spaces. The Pollinator
Passage’s interactive m

ap invites greater resident participation by perm
itting citizens to subm

it inform
ation on

observations and interventions that can enrich pollinator habitat quality. ESTIM
AP

provides a m
odel that can

eventually incorporate this inform
ation into a m

ore detailed m
apping of gaps in and hotspots for pollinato r

habitats. Together these activities provide city planners w
ith a tool for visualising and quantifying both the quality

and distribution of an im
portant aspect of the city’s biodiversity, such that the natural capital can continue to

provide cultural ecosystem
 services for future generations of O

slo residents.
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