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LookinG FOR " 1HE Best Bee"

AN EXPERIMENT ABOUT INTERACTIONS BETWEEN ORIGIN

AND ENVIRONMENT. OF HONEY.BEE STRAINS IN EUROPE

AUTHORS : Marina Meixner’, Ralph Buichler’ Cecilia Costa?, Sreten Andonov?,
Malgorzata Bienkowska®, Maria Bouga®, Janja Filipi®, Fani Hatjina’, Evgeniya Ivanova®,
Nikola Kezic’, Per Kryger™, Yves Le Conte", Beata Panasiuk®, Plamen Petrov®,
Lauri Ruottinen®, Aleksandar Uzunov?, Jerzy Wilde®

(Originally published in German in “die
Biene — ADIZ — Imkerfreund (http://
www.diebiene.de) in August 2014.)

Introduction by Susan Cobey
he honey bee Apis mellifera, of
I which there are currently 28 iden-
tified subspecies and numerous
ecotypes, have been evolving and adap-

ting to a wide range of environments for
hundreds of thousands of years within
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their native range of Europe, Africa and
Asia. Honey bees have been widely di-
spersed over the past several hundred
years and are now also established in the
Americas and Australia. Today, the high
loss of colonies worldwide is attributed to
a combination of factors, including pa-
rasitic mites, pathogens, pesticides and
malnutrition.

The COLOSS network of European
scientists asks the questions: Does bee-
keeper selection for productivity lead to
genetic deficiency, and are locally adap-
ted populations being displaced by the
movement of various honey bee types
to locations beyond their native range?
A major research effort explores these
questions, looking at numerous types of
honey bees that are endemic to specific
areas of Europe or have become adapted
after several decades of breeding.

Beekeepers in the U.S. also consider
these questions through interest in locally
adapted bees and “survivor” feral bees,
although the situation is very different.
Our honey bees are not native and were
derived from relatively small founder po-
pulations, thus we lack the evolutionary
diversity of subspecies and ecotypes that
exist in Europe. We also lack the strong
support of institutions and beekeeper or-
ganizations devoted to the selection and
maintenance of specific subspecies, as
established in many European countries.
Feral populations in the U.S., previously
considered a mixed source of raw genetic
variation, have been devastated by the
impact of Varroa mites.

Through semen collections from Old
World sources, Washington State Uni-
versity has been involved in the impor-
tation and distribution of additional
honey bee genetic diversity in the U.S.
Associated with the importations, cryo-

preserved germplasm from “pure” Old
World subspecies has been deposited
in the WSU Germplasm Repository for
future breeding and conservation needs.
Through such measures, we hope to en-
hance domestic bee breeding programs
by providing additional genetic diversity
to improve bee health in the U.S.

The international research network CO-
LOSS (Prevention of COlony LOSSes,
www.coloss.org) was founded in 2008 and
received funding from the EU COST pro-
gram until 2012. The network aims to pro-
mote international collaboration on research
about colony losses. Within COLOSS, the
working group “Diversity and Vitality”
(now Research Network for Sustainable Bee
Breeding, www.beebreeding.net) investi-
gated the survival of honey bee colonies in
relation to their genetic origin and their ad-
aptation to environmental factors such as cli-
mate, diseases and beekeeping management.

Europe-wide comparison

To study the complex interactions be-
tween honey bee colonies and their en-
vironment, we conducted a very large
experiment involving colleagues from 11
countries. In this experiment, we compared
16 different strains of honey bees in differ-
ent environments for two and a half years,
with respect to characters such as honey
yield, survivability and susceptibility to
diseases. The experimental apiaries were
distributed across Europe, reaching from
Finland in the North to Sicily and Greece in
the South (figure 1). The different strains in
the experiment consisted of breeding lines
maintained at the institutes involved, local
breeding stock, regional bees that had not
been subjected to breeding efforts or lines
from conservation programs. The strains be-
longed to the five subspecies Apis mellifera
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mellifera, A. m. carnica, A. m. ligustica, A.
m. macedonica and A. m. siciliana.

Each strain was present with at least ten
colonies in at least three of the 21 apiaries.

— S .

®  Experimental Location
® Ongin of Genotype/Genetic Line

VPOXZZrX=w=—XO"mOA®>

Figure 1: Map of Europe showing the 21 test locations covering 11 countries.
Each location is indicated by a black dot, with its name shown in the white
box. The genetic lines maintained at each location are indicated as letters be-
low each name. The legend at top right corner links the letters to the genetic
lines. The abbreviations mean: CarB = Carnica Bantin (Germany), CarC = Carnica
Croatia, CarG = Carnica Kunki (Poland ), CarK = Carnica Kirchhain (Germany),
CarP = Carnica Gasiory (Poland ), CarL = Carnica Lunz (Austria), CarV = Carnica
Veitsh6chheim (Germany), Ligl = Ligustica Italy, LigF = Ligustica Finland, MacB
= Macedonica Bulgaria, MacG = Macedonica Greece, MacM = Macedonica
Macedonia, MelF = Mellifera France, MellL = Mellifera Laesg (Denmark), MelP
= Mellifera Poland, Sic = Siciliana. The letter in the circle next to each location
indicates the respective local strain. Example: In Kirchhain, the strains D, E,
and N were tested, with CarK (D) being the local strain. In addition, CarP (E)
and MelF (N) were tested. Copyright International Bee Research Association.
Reprinted from Francis et al. (2014) with permission of the editors of Journal of
Apicultural Research.
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In every apiary, the local strain was com-
pared to at least two “foreign” strains.

Uniform starting conditions

The colonies were uniformly built in the
summer of 2009, either from shook swarms
or from splits, and the experimental queens
were introduced. The experiment started
on October 1, 2009, when all colonies con-
sisted of offspring of the new queens, and
ended on March 31, 2012.

All colonies were evaluated in regular
intervals. Colony development, amount of
brood and all other characters were assessed
according to international recommendations
(Biichler et al., 2013). These were based on
the traditional Apimondia guidelines, but
were expanded to include characters such
as brood hygiene. Thus, they were adapted
to the challenges of selection of vital and
resistant bees. In addition, at several times
bee samples were taken from each colony
and examined for bee diseases.

A colony was considered as lost when it
had either collapsed or the colony strength
was considered insufficient for further sur-
vival. Queenlessness or the presence of a
drone-laying queen was also regarded as
colony loss.

No medication was used during the en-
tire experiment; however, it was possible to
perform a total brood removal for control of
Varroa mites (per apiary). To prevent spill-
over of mites from collapsing colonies, the
Varroa infestation of each colony was moni-
tored continuously, and colonies in danger
of collapsing were treated. At the same time,
they were counted as lost and excluded from
further analyses (the complete test protocol
is described in Costa et al., 2012).

Hybridization reduces gentleness

Although we observed noticeable differ-
ences in behavior and performance between
strains that originated from breeding pro-
grams and strains that had received little
selective effort in the past, no single strain
showed superior performance at all loca-
tions. However, we most noticeably ob-
served that strains showing strong signs of
hybridization in the genetic analysis (Fran-
cis et al., 2014a) scored significantly lower
in the assessment for gentleness (Uzunov et
al., 2014).

Local strains survive longer

Of the 597 colonies we could analyze, 94
(15.7%) survived until the end of the exper-
iment. We observed drastic differences in
survival time and disease load, both between
locations and between the genetic strains.
At some locations, for instance in Lunz
(Austria) or Schenkenturn (Germany), all
colonies had already collapsed by the sec-
ond winter (2010/2011), while colonies in
Avignon (France) survived longest with an
average of almost two years. Survival time
between the strains also differed noticeably.
Here, we observed a significant difference
in survival time between local strains and
foreign strains. While in any given location
a colony of a foreign strain survived on av-
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erage 470 days, the mean survival time of a
local colony was 553 days. Local bees thus
survived on average 83 days longer than for-
eign ones (Biichler et al., 2014).

Reasons for losses

The most frequent evident reasons for
colony loss were Varroa (38%), problems
with the queen (loss, drone layer, etc., 17%)
and Nosema (8%). All other reasons (star-
vation, robbing, unspecified winter loss,
other diseases, unknown reason) were less
frequent, but together accounted for 37% of
the losses.

Varroa infestation influenced by location

The infestation with Varroa mites was
significantly more strongly influenced by
the apiary location compared to the genetic
origin of the colony (Meixner et al., 2014).
The Varroa infestation rates differed greatly
over the individual apiary locations. In some
places we observed a fast buildup of mite
populations, while in other locations infesta-
tion rates increased much more slowly. The
differences between experimental stations
were often much higher than the differences
between surviving and collapsing colonies
at one single station. In the autumn of 2010,
for instance, we observed extremely high
infestation rates between 30% and 40% at
the experimental locations of Unije (Croa-
tia) and Dimovci (Bulgaria). In spite of
these high infestations, many colonies at
these two locations survived the following
winter. In contrast, mite infestation rates at
stations in Poland and Italy increased more
slowly and remained below 10%, even after
two years without medication. In Kirchhain
(Germany), the autumn 2010 mean infesta-
tion rate of surviving colonies was 9.1%,
while in collapsing colonies it was 24.3%
(Biichler et al., 2014).

The differing length of season and the
resulting differences in colony development
certainly were among the main reasons for
the differences in mite population devel-
opment across the experimental colonies
(Hatjina et al. 2014). Our results indicate
that there is substantial variation of Varroa
damage thresholds across different regions
of Europe. To determine these thresholds,
comprehensive investigations involving

Field workshop pin test in Germany

sufficiently large numbers of colonies are
needed.

Nosema not among major causes for losses

The gut parasite Nosema was present in
almost all locations, but colony losses as-
cribed to Nosema were low and in the ma-
jority (25 of 37 cases) occurred in a single
location (Le Bine, Italy) at the beginning
of the experiment. The Nosema spore load
across the experimental colonies was over-
all rather low; only at the locations in Po-
land and Italy were higher spore numbers
occasionally observed. In most apiaries we
only observed the “new” Nosema species
Nosema ceranae, while Nosema apis was
restricted to few locations and mostly oc-
curred in mixed infections with N. ceranae.
Pure N. apis infections were sporadically
found only in Finland and Poland. Thus,
our data do not support Nosema ceranae as
a major cause for substantial colony losses
(Meixner et al., 2014).

Viruses
The frequency of virus infections (Acute
Bee Paralysis Virus and Deformed Wing
Virus) was also strongly influenced by the
apiary location. For instance, in autumn

2010 in samples from Finland, no viruses
at all were found, while both viruses were
present in all analyzed samples from Bul-
garia. Overall, we could not determine an
effect of genetic origin on the frequency of
virus infections. However, an in-depth study
preformed on samples from the Greek loca-
tion (one of the largest, containing 4 geno-
types) showed that local colonies tended to
have lower levels of pathogens. In this case
study the seasonal trends of the viruses were
confirmed (lower levels in spring, higher in
autumn), together with the significant cor-
relation between varroa and DWV (Francis
etal., 2014 b).

Local bees may have an advantage

Thus, our results clearly demonstrate that
location effects play a predominant role in
the occurrence of bee diseases. Both local
and foreign bees suffered from parasites and
other pathogens. Yet, the mean survival du-
ration of local bee origins was significantly
longer than that of foreign ones. Possibly,
this ostensible contradiction indicates that
local bees may command more resources
for keeping parasites and pathogens in
check, due to their better adaptation to the
local environment, climate and vegetation,
but also to the locally prevailing manage-
ment methods. In addition, newer research
demonstrated that especially viruses exhibit
substantial genetic variation across regions
that may influence their virulence (Cornman
et al., 2013). It could be possible that local
bees are better adapted to “their” strains of
viruses and are therefore better able to cope
with them.

The best bee does not exist!

In conclusion, our experiment demon-
strated that “the best bee” showing excellent
performance and superior disease tolerance
across all environments does not exist. In-
stead, the local bees were not only the most
long-lived, but in many cases also received
better scores for gentleness and honey yield.

Therefore, we suggest devoting more
attention to the preservation of the variety
of genetic resources of honey bees across
Europe. One way to achieve this could be
the establishment of conservation areas to
protect endangered populations from uncon-
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trolled introgression of imported strains. In
particular, however, we would like to em-
phasize the necessity of regional selection
and breeding efforts. Such efforts would
contribute to an improvement of local bees
and, in consequence, increase their accep-
tance with local beekeepers. Special at-
tention within such programs should be
devoted to traits like disease tolerance and
vitality.

The uncontrolled importation of bee
strains from different areas endangers well-
adapted local bee populations and is often
not even to the advantage of the beekeeper,
as our experimental results show. For the
common beekeeper, our recommendation
would be to purchase queens from local
breeders whose material has been selected
after long-term comparative testing in their
own region.

The results of this experiment have been
published with open access in a series of sci-
entific articles in a Special Issue (May 2014)
of Journal of Apicultural Research (Www.
ibrabee.org) and are listed in the refer-
ences. This article provides an overview on
the most significant results.
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