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Abstract— Beehive fences are an effective solution to resolve conflicts between humans and crop-raiding elephants
in Kenya. They produce win-win scenarios; elephants are protected from aggression from humans as they are
deterred from crop raiding, while farmers benefit from crop protection, pollination, and valuable products from
maintaining honeybee hives. However, artificially increasing the density of these super-generalist pollinators in the
landscape may impact wild bee species as honeybees may out-compete them for floral resources. We studied bee
communities in Sagalla, Kenya, where bechive fences have been implemented for crop protection for many years.
Despite the long-term presence of the beehive fences, honeybee densities were low when the study was conducted
because of a severe drought and did not differ between beehive and control fences in our collections. When we
compared farms with and without beehive fences, we found little difference in the abundance, species richness, and
community composition of the resident wild bee communities. This suggests either (a) beehive fences have little
permanent impact on wild bee communities, or (b) wild bee communities recover quickly when honeybee densities
are low.
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1. INTRODUCTION

Human-wildlife conflict exists where humans
and wildlife are competing for limited resources
(Dickman 2010; Nyhus 2016). The intensity of
this problem is increasing globally as the human
population density rises, especially in developing
countries (Manfredo 2015). In Kenya, increasing
population densities of both African elephants
(Loxodonta africana) and humans have led to
an intensification of conflicts between humans
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and crop-raiding elephants (Sitati and Walpole
2006; King et al. 2009, 2011, 2017). Elephants
are perceived to be among the most destructive of
the crop-raiding animals (Mwakatobe et al. 2014),
and crop raiding by elephants not only threatens
the livelihood of subsistence farmers, but breeds
ill will between farmers and elephants (Graham
and Ochieng 2017). It may also cause farmers to
shelter poachers, thereby threatening the welfare
of the elephants and undermining conservation
efforts (Pittiglio et al. 2014; Redpath et al. 2013).

Many options have been proposed to deter
crop-raiding elephants from farms, and in some
places the government has subsidized large
stretches of electric fences that are relatively ef-
fective elephant deterrents (Kioko et al. 2008;
Okello and D’Amour 2008). However, large-
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scale implementation of electric fences is neither
practical nor affordable for most farmers, and it
interferes with the natural migration of elephants
and other animals, as well as the movement of
humans (Evans and Adams 2016). In light of this,
a multitude of more affordable options are often
implemented by rural farmers (Graham and
Ochieng 2017), often including defense of the
farm by the farmer, which may place the farmer
in harm’s way (King 2010). Many of the alterna-
tive affordable deterrents, including chili rope
fences, chili smoke briquettes (Osborn 2002;
Karidozo and Osborn 2015), cow bells, noise
makers, and watchtowers, have variable impacts
on reducing elephant crop raiding (Graham and
Ochieng 2017) and habituation and ongoing
maintenance costs can be detrimental to the up-
keep of the method (Hoare 2012).

The Elephants and Bees Project run by the
research organization Save the Elephants in Ken-
ya utilizes “beehive fences” to deter elephants that
would otherwise raid crops on small farms (www.
elephantsandbees.com). Beehive fences consist of
beehives strung every 10 m on interconnecting
wires around the perimeter of a farm. Elephants
that attempt to cross the fence disturb the bees and
are scared away by the buzzing and stinging in-
sects; the design has been shown to be effective in
reducing elephant raiding by African elephants in
several locations in Kenya (King et al. 2009; King
et al. 2011; King et al. 2017) and Gabon (Ngama
et al. 2016) and by Asian elephants (Elephas
maximus ) in India (Nair and Jayson 2016).Bee-
hive fences have several advantages: they are
sustainable, benefit the farmer by producing valu-
able products such as honey and wax, and produce
pollinators for the crops they are protecting
(Kasina et al. 2009a). They are economically via-
ble and manageable by the farmers themselves,
especially because many rural Kenyan farmers
have experience with beekeeping (King 2010).
Honeybees, along with a variety of native bees,
are important pollinators for Kenyan crops
(Kasina et al. 2009b).

One concern with widespread adoption of the
beehive fences is that they may locally increase
the density of honeybees to the extent that they
outcompete other ecologically important bee spe-
cies (Martins 2004). Honeybees (Apis mellifera

L.) are native to Kenya, but they are also strong
competitors in the floral resource market
(Thomson 2004) even in their native range
(Goulson and Sparrow 2009; Herbertsson et al.
2016). In places where the honeybee is considered
invasive, there is mixed evidence that it may or
may not compete with native wild bees for pollen
and nectar (Roubik and Wolda 2001; Paini 2004;
Paini and Roberts 2005; Badano and Vergara
2011). Honeybees rely on cavities for nesting
and, as deforestation progresses in Africa, suitable
nesting sites may become less available, especial-
ly in agricultural regions (Dietemann et al. 2009).
On the other hand, agricultural areas can provide
valuable resources to a diversity of wild bees
(Russo et al. 2015). Sub-Saharan Africa has a
large number of bee species (Eardley et al. 2009;
Gikungu et al. 2011) and conserving these wild
pollinators may be essential for sustainable crop
pollination (Njoroge et al. 2010, Gemmill-Herren
et al. 2014). Because nesting sites are thought to
be the limiting resource on honeybee density in
Kenya, our question was: does widespread imple-
mentation of beehive fences have negative im-
pacts on wild bee fauna in agricultural areas?

To answer this question, we compared wild bee
communities in Kenyan farms with and without
beehive fences in Sagalla, an agricultural area of
southern Kenya. Over the course of 3 weeks dur-
ing the dry season of 2017, we used passive and
active bee collection methods to determine wheth-
er there was a difference in the wild bee commu-
nity in response to the implementation of beehive
fences.

2. MATERIAL AND METHODS
2.1. Site selection

The Elephants and Bees Project of Save the
Elephants was initiated in the Sagalla region of
southern Kenya in 2009. This agricultural com-
munity is vulnerable to human-elephant conflict
because of its location adjacent to Tsavo National
Parks. The beehive fences have been shown to
protect crops by deterring 80% of approaching
elephants from raiding the farms (King et al.
2017), and they continue to be monitored and
tested for efficacy in this region.
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In the village of Mwakoma in Sagalla, there are
13 farms with beehive fences. From these 13, we
selected the five farms with the highest beehive
occupation (where occupation is defined as the
number of occupied hives in the length of fence),
and paired them with similarly sized farms with-
out beehive fences (controls) for our study. The
farms varied in size from 0.011 to 0.043 km?, but
there was no significant difference in size between
control and beehive fence farms (P =0.20) and
within a pair; farm size differed by a maximum of
12% (Figure S1).The farms each grew a mix or
subset of maize, cow peas, green grams, and for-
age crops for cattle and goats.

Each pair (one beehive fence farm and one
control farm) was separated by no more than
500 m and no less than 250 m. We chose adjacent
farms to be pairs so that the background environ-
ment would be similar between paired farms.
Honeybees were also occasionally observed with-
in the landscape living in natural nesting habitat at
low densities. We did not control these unman-
aged bees, but rather wished to determine whether
locally increasing honeybee density with artificial
hives had a significant impact on other wild bee
species.

Due to poor rains and a long dry season in
2016, there was low hive occupation across the
farming site during our study; however, we chose
the five farms with the highest beehive occupation
for this survey. These five farms contained 63
beehives between them with 16 hives (25%) oc-
cupied by honeybees. Although hive occupation
was low for the fences, these 16 occupied hives
were likely to contain between 10,000—50,000
individual bees per hive (Paterson 2016; Locke
and Fries 2011) representing an potential extra
160,000 to 800,000 honeybees introduced to the
system by the construction of the bechive fence
network.

2.2. Data collection

To understand how the wild bee community
responded to the increased density of honeybees
on farms with beehive fences, we conducted two
different kinds of bee surveys: a passive pan trap
collection and active sweep net sampling. We
sampled the ten farms during the dry season

(January—February) of 2017. Paired farms were
always sampled together.

At each of these farms, we established a 50-m
transect. In beehive fence farms, this transect
started at the edge of the beehive fence and con-
tinued 50 m perpendicular to the fence away from
the farm. In farms without beehive fences, we
established each transect on the edge of the crop
field and it continued 50 m away from the crop
field. Starting at 0 m on this transect and then at
every 10 m, we put three pan traps (yellow, blue,
and white) filled with soapy water (Roulston et al.
2007). The pan traps were left for 24 h once a
week for the 3 weeks of our sampling (Figure 1).

We also conducted six 30-min sweep net sur-
veys (four in the morning and two in the afternoon
at each farm) at each of the farms. With two
people sampling during each sweep net survey,
this resulted in 60 h of active collecting bees on
flowers. During these net surveys, we recorded
the identity of the plants on which we collected
individual bee species. We identified most plants
to species level, but some were only identifiable to
genus or morphospecies. Using these visitation
data, we were able to construct networks of inter-
actions between bees and plants (Russo et al.
2013). These networks are bipartite because they
have two types of nodes (plants and bees); within
bipartite networks, plant species cannot interact
with other plant species, and bee species cannot
interact with other bee species. Thus, plants can
only interact with bees and vice versa. Bipartite
networks are a natural model for plant-pollinator
interactions and allow analyses of changes in in-
teractions at the community level (Memmott
1999). Network models are also used to monitor
the responses of a community to perturbation,
including the introduction of new species
(Lopezaraiza-Mikel et al. 2007; Russo et al.
2014).

We identified all the collected bee specimens
to the morphospecies level. Photographs of the
morphospecies were checked and corrected by
Connal Eardley (Agricultural Research Coun-
cil, South Africa). The specimens are stored at
the Nairobi National Museum in Nairobi, Ken-
ya. The photographic database of the morpho-
species is publicly available online at
https://tinyurl.com/kofa8e4.
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Figure 1. Bee abundance (a ) species richness (b ) and rarefied species richness (¢ ) in beehive fence farms (red) and
control farms (blue) using pan trap or net-collection methods. The asterisk (*) demarcates the significant difference
between species richness detected by the pan-trap collections. However, when the samples are rarefied to correct for
the relative abundances of different species, there is no significant difference in the species richness in beehive fence

and control farms.

2.3. Data analysis

To determine whether the presence of the bee-
hive fences had a significant impact on the wild
bee community on beehive fence farms relative to
control farms, we conducted several complemen-
tary statistical tests.

First, we established whether honeybee density
was higher on beehive fence farms relative to the
controls using paired ¢ tests (five pairs of bechive
fence and control farms). We pooled samples
across the study period for these comparisons.
To test whether honeybee density differed be-
tween control and beehive fence farms while in-
cluding all sample dates, we also used a GLMM
with honeybee abundance as a response variable,
treatment as a fixed effect, and sample date and
site as random effects.

Because we hypothesized honeybee density
would decrease as we sampled farther from the
fence along the 50-m transect, we used the pan
trap data to test whether there was a significant
correlation between the bee community structure
in beehive fence farms and control farms by using
a Mantel test to determine whether there was a
correlation between the Jaccard distance matrices
for the samples collected along the 50-m transect,
pooled over time. We then visually represented

these communities using ordination methods
(NMDS).

Next, we compared the species richness and
abundance of wild bees on farms with and without
beehive fences in pan trap and net collections
using paired ¢ tests. For these tests, samples were
pooled across the study period. We evaluated pan
trap and net collections separately before pooling
the specimens because pan traps and sweep nets
can collect very different bee communities
(Roulston et al. 2007). We also used a rarefaction
analysis to correct for the relative abundances of
different species by subsampling each site accord-
ing to the site with the lowest abundance of spec-
imens. We then used generalized linear mixed
effects models (GLMMs) to determine whether
the presence of a bechive fence (fixed effect)
affected pooled (net and pan trap—collected spec-
imens) bee abundance and species richness, with
farm site and date of sample as random effects.

Finally, we constructed bee-plant networks
from the net-collected bees. We compared struc-
tural properties of bee-plant networks on beehive
fence farms to that of control farms, including the
average degree, connectance, nestedness, number
of compartments, and average number of effective
partners (Table I). We compared these aspects of
network structure because previous work has



Table 1. Ecological interpretation of network properties measured in this paper

Network properties  Ecological Interpretation

Average degree
Connectance

The average degree is the average number of species a given bee or plant interacts with.
The connectance is the total number of interactions between species in the network divided by the

number of possible interactions (number of plant species multiplied by number of bee species).

Number of
compartments
Nestedness

Compartments are groups of tightly interacting species within the network.

Nestedness quantifies how ordered a real network is relative to a simulated perfectly ordered

network by quantifying to which degree interaction partners of specialized species are subsets of
the partners of more generalized species.

Effective partners

The number of effective partners of each species is a measure that explains how many partners each

species would interact with if there were no difference in the background abundance of species.
In quantitative networks such as these, background abundance is measured by the number and
frequency of interactions of each species.

shown that super-generalist novel species may
change these structural characters in predictable
ways, and that network methods can detect com-
munity level changes that traditional methods may
not detect (Russo et al. 2014).

3. RESULTS

Over the course of the study, we collected 627
bee specimens representing 63 morphospecies.
The majority of the specimens were from the
families Apidae (53%), Halictidae (38%), and
Megachilidae (8%) with only one specimen from
Andrenidae (Meliturgula minima Friese), similar
to other studies of farmland bee diversity in Kenya
(e.g., Mwangi et al. 2012).

There was no significant difference between
honeybee densities collected by net between bee-
hive fence farms and control farms when using a ¢
test (P =0.3, ¢ stat=0.57) and GLMM (¢ stat=
0.52, P =0.60). Because only one honeybee was
collected in a pan trap during the study, we were
not able to test the effect of distance from the
beehive fence on honeybee densities. This may
be due to the fact that some bee species, including
honeybees, avoid pan traps (Roulston et al. 2007),
though other studies collected honeybees in pan
traps in high densities (Hall 2018). This may be
related to pan trap height (Tuell and Isaacs 2009).

There was a significantly greater variety of bee
species (higher species richness) in pan traps
alone in control farms relative to pan traps bechive

fence farms (P =0.03, ¢ stat =2.58), but there was
no significant difference in the species richness of
beehive fence and control farms when we rarefied
the samples (P > 0.05). The presence of a bechive
fence did not alter bee abundance (total number of
specimens, ¢ stat 0.48, P =0.63) or species rich-
ness (total number of bee species, ¢ stat=0.23,
P =0.82) when we pooled all collected specimens
and controlled for site level variation and sample
dates in the generalized linecar mixed effects
model.

There was no significant relationship between
the distance matrices of beehive fence farms and
control farms along the 50-m pan trap transects
(P =0.98, Mantel » stat=—0.71). However, a
visual representation of these communities using
NMDS ordination methods shows a large degree
of overlap (Figure 2). In general, the most com-
mon bee morphospecies were shared between the
two farm types (Braunsapis, Macrogalea,
Lasioglossum morph 1, Tetralonia morph 1),
while less common morphospecies tended to be
found in one farm type only (e.g., Pseudapis
morph 1, Lasioglossum morphs 3 and 4,
Lipotriches morph 3, Tetralonia morph 2), prob-
ably because they were collected only rarely. In
other words, these uncommon species drove ob-
served differences in the distance matrices, but the
number of uncommon species did not differ be-
tween the farm types.

In the network analysis, the average degree,
nestedness, and number of compartments did not
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Figure 2. A non-metric dimensional-scaling (NMDS)
plot of the community structure along 50-m transects in
beehive fence (B, red) and control (C, blue) farms. The
different positions on the transects are demarcated by
the distance and treatment (e.g., 0 m B). Selected influ-
ential morphospecies are shown on the plot.

differ between beehive fence farms and control
farms (P >0.05, Table II). The connectance of
beehive fence farms was significantly lower than
control farms (P =0.007, ¢ stat=—4.12); this is
likely due to the fact that bees on beehive fence
farms interacted with significantly more plant spe-
cies (P =0.01, ¢ stat=3.47) as beechive fence
farms had higher plant species richness than con-
trol farms, while the net-collected bee species
richness remained constant (Figure 3, Table II).
Furthermore, species in beehive fence farms had a
slightly lower number of effective partners (P =
0.04, ¢ stat=—2.38). This is probably also due to
the higher plant species richness in surveyed bee-
hive fence farms.

4. DISCUSSION

Honeybees are super generalists, and may com-
pete with wild bees for floral resources (Roubik
and Wolda 2001, Paini 2004, Martins 2004, Paini

and Roberts 2005, Badano and Vergara 2011,
Shavit et al. 2009). In places where they have
been deliberately or accidentally introduced, there
is some concern about their impacts on wild bees
(Moritz et al. 2005). Honeybees are native to
Kenya, but their density is limited by the avail-
ability of nesting cavities, especially in agricultur-
al areas. Because of this, the installation of the
beehive fences may have the effect of artificially
increasing the density of honeybee workers in the
local landscape. Because agricultural areas can
also provide resources for a large diversity of wild
bees (Russo et al. 2015; Kasina et al. 2009b),
introducing beehive fences may have the unin-
tended consequence of increasing competition be-
tween honeybees and wild bees (Martins 2004).

Our study may suggest that the installation of
beehive fences in an agricultural region of south-
ern Kenya either has little permanent effect on the
composition and structure of wild bee communi-
ties relative to neighboring farms or that they can
recover quickly when honeybee densities are low.
Though there was a significantly lower bee spe-
cies richness in pan trap-collected bees in bechive
fence farms, this effect was not reflected in the
net-collected bees and was not significant when
the samples were rarefied to correct for differ-
ences in species abundances. Similarly, the abun-
dance of wild bees did not differ in either pan trap
or net-collected bee specimens. Though the dis-
tance matrices of these two farm types along the
50-m transect did not correlate, our ordination plot
showed substantial overlap in the bee community
types, with the differences driven by uncommon
bee morphospecies (Pseudapis morph 1,
Lasioglossum morphs 3 and 4, Lipotriches
morph 3, Tetralonia morph 2). Similarly, the av-
erage degree, number of compartments, and
nestedness of the bee-plant network structure did
not differ between beehive fence farms and con-
trol farms (Table II).

There was a significantly lower connectance
and average number of effective partners in bee-
hive fence farms (Table II); this was largely driven
by a higher plant species richness in these farms.
Increasing the plant species richness without
changing the abundance or species richness of
the bees will necessarily result in lower
connectance and effective partners. The cause of



Table II. Averages of network properties of beehive fence farms relative to control farms =+ their standard error (n =
5). There are more plant species in bechive fence farm networks, while the number of bee species remains the same,
resulting in a significantly lower connectance and number of effective partners

Plant Bee Average Connectance  Nestedness Compartments  Effective
species species degree partners
Control 42+0.73  13.2+4325 217+025 0.76+0.1 12.61+5.62 2.8+0.58 1.57+0.28
Beehive  6.8+0.37 14+045 1.95+0.29  0.66+0.07 11.48+4.18 32+1.12 1.52+0.22
fence
P value  0.01 0.4 0.08 0.01 0.11 0.3 0.04
¢ stat 3.47 0.28 -1.73 -4.12 —1.46 0.56 —2.38
Bee fence Control

Abutilon

Digera.muricata

Acacia

Blepharis

Euphorbia.2
Digera.muricata

hefflerii

Euphorbia.schefflerii

flight

Grewia
Grewia

Helianthus.annuus

Ipomoea

Justicia.odora

Mertensia.like Mertensia.like

) Ocimum
pink.Lamiaceae

orange.half. flower

nna
Se Senna

Sericocomopsis

Tephrosia Sericocomopsis

Tridax procumbens

Vigna Talinum

white.tree.flower Trida:

Figure 3. The summed network interactions of farms with (left) and without (right) bechive fences. The gold boxes
represent plant species and morphospecies on which bees were collected, while the orange boxes represent the bee
species and morphospecies collected (see photographic database: https://tinyurl.com/kofa8e4). The lines connecting
the boxes represent interactions, and the thickness of the lines represents the frequency of the interaction.
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this higher plant species richness is unknown, but
could be caused by differences in land manage-
ment behavior of the five beehive fence farmers
relative to control farmers or potentially protection
from elephant foraging. Bechive fence farmers
have been encouraged by the Elephants and Bees
Project not to cut flowering plants and to leave
them as fodder for their bee colonies and this
management influence could be responsible for
greater plant diversity over the 5 years since the
beehive fences were introduced.

We conducted our study during a dry season
(January—February 2017) when the hive occupation
of the bechive fences was very low. However, even
low occupation across the potential number of hives
available could still have resulted in hundreds of
thousands of worker bees being introduced to the
system as each bechive can be home to as many as
10,000 to 50,000 honeybees (Paterson 2016).
Flowering was also lower than in most years be-
cause of a drought (only a third of the rain expected
fell in the prior wet season) so competition for
flower resources could have been higher than ex-
pected. When floral resources are scarce, oligolectic
wild bees may be outcompeted by honeybees
(Martins 2004). Consequently, as the bechive fences
have been present on the landscape since 2009, the
absence of an observable difference in wild bee
species, even during the dry season, suggests that
there are few permanent impacts on the structure of
the wild bee community through the introduction of
beehive fences. Future research should address the
structure of the wild bee community when the bee-
hive occupation (and honeybee density) is at its
highest. This scenario may result in the largest po-
tential competitive impacts on wild bees.

Honeybees are capable of foraging for long dis-
tances, more than 7 km away from the hive
(Couvillon et al. 2014). However, the density of
honeybees decreases as the distance away from the
hive increases (Hagler et al. 2011), and honeybees
will not forage farther away from the hive if there are
sufficient floral resources near the hive (Couvillon
et al. 2014).Though the control farms were within
the possible foraging range of the honeybees in the
beehives, flowering plant diversity was higher in
beehive fence farms and we still expected honeybee
density to be highest on beehive fence farms. None-
theless, we did not detect significant differences in

honeybee densities between beehive and control
farms during our survey, possibly because of low
hive occupation.

We were comparing farms in an area where
beehive fences have long been established, but the
ideal way to test the question of whether bechive
fences alter the wild bee community would be to
evaluate the wild bee community before and after
the introduction of beehive fences. Furthermore, the
short duration of this study means that there is a
large proportion of bee species that were likely
active outside of the study period. A before-and-
after experiment with year-long collections over
multiple years would be necessary to be fully confi-
dent that there is no impact of beehive fences on the
wild bee community. Thus, it is possible that the
temporal or spatial scale of our study was too small
to detect a difference in bee communities.

Nonetheless, the absence of large differences
between wild bee communities between beehive
fence farms and control farms is encouraging,
though not conclusive, for those wishing to use
this management strategy to reduce human-
elephant conflicts. Our data could suggest that
there are no significant permanent effects of the
beehive fences on these wild bee communities
during the foraging constraints of a dry season,
at least at the scale to which they have been
deployed as shown in this study. It is also possible
that the wild bee communities simply recover
when honeybee densities are low. In this sense,
this study demonstrates the resilience of commu-
nities of bees to perturbations, such as increasing
the density of super-generalist competitors.
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