Sociobiology 66(1): 75-80 (March, 2019) DOI: 10.13102/sociobiology.v66i1.3366

Sociobiology

An international journal on social insects

An Overview on Honeybee Colony Losses in Buenos Aires Province, Argentina
MLG GARCiA¥?3, S PLISCHUK*®, CM BRAVI**, FJ REYNALD**

1 - CIC - Comisidn de Investigaciones Cientificas de la Provincia de Buenos Aires, Buenos Aires, Argentina
2 - IMBICE - Instituto Multidisciplinario de Biologia Celular — CIC-CONICET-UNLP, Buenos Aires, Argentina
3 - Laboratorio de Virologia, Facultad de Ciencias Veterinarias — UNLP, Buenos Aires, Argentina

4 - CONICET - Consejo Nacional de Investigaciones Cientificas y Técnicas, Buenos Aires, Argentina

5 - CEPAVE - Centro de Estudios Parasitoldgicos y de Vectores — CONICET-UNLP, Buenos Aires, Argentina

Article History

Edited by

Kleber Del-Claro, UFU, Brazil

Received 23 April 2018
Initial acceptance 14 May 2018
Final acceptance 06 June 2018
Publication date 25 April 2019

Keywords
Colony Collapse Disorder, Apis mellifera,
pathogens, maternal lineages.

Corresponding author
M. L. Genchi Garcia

Abstract

Honey bees (Apis mellifera) are essential for the ecosystem, so
their loss threatens biodiversity and agriculture. Several factors
have been proposed as possible causes of both massive losses and
Colony Collapse Disorder. In August 2017 episodes of colony losses
were registered in General Alvear, Buenos Aires province. The aim
of the present study was to find possible causes of these events.
The samples were screened for presence of several pathogens
and the determination of maternal lineages was also performed.
Seven out of ten colonies were positive for pathogens, but there
was no high prevalence of any of them. It will be necessary to carry
out a standardization of studies, and delineate boundaries that
allow comparing cases in order to discriminate different types of
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mortality of colonies that occur worldwide.

Introduction

Losses of honey bees and other pollinators threat
biodiversity as well as food and agricultural production (Simon-
Delso et al., 2014; Watson & Stallins, 2016). The phenomenon
called Colony Collapse Disorder (CCD) is expressed carrying
out a complete absence of adult bees in a hive often plenty
of both capped brood and food reserves (vanEngelsdorp et
al., 2009). This scenario has been observed around the world
during the last two decades. Some beekeepers in the United
States have reported losses of up to 75% of their hives between
2006 and 2007 (Oldroyd, 2007; vanEngelsdorp et al., 2009;
2017; Ellis et al., 2010; vanEngelsdorp & Meixner, 2010). In
Europe, similar phenomena have been reported (Dainat et al.,
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2012; Meana et al., 2017), but in those cases the symptoms
would not have been the same as in the United States (Stokstad,
2007). In recent years, some cases of CCD have also been
reported in Asia and South America (Farooqui, 2013; Antiinez
et al., 2017) but there are not any documented cases in Africa
or Oceania. In South America, particularly in Argentina, even
though there are no documented cases, several records of
beekeepers suggest a 30% of losses in the last years (Maggi
et al., 2014). In 2017, 154 out of 170 commercial colonies
nucleated in three apiaries from General Alvear (35°55’'
23.67"S, 59°57'29.58"W), Buenos Aires province showed
the sudden massive loss of their bees and died at the end of
summer, according CCD symptoms. The aim of the present
study was to analyze the possible causes of these episodes.
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Materials and Methods

Ten samples from three different apiaries located
in General Alvear were collected in spring 2017 during
episodes of colony losses. Particularly, four samples were from
HE apiary, three from CA apiary and three from HO apiary.
Each hive was considered a sample unit, comprising 400
live honey bees that were frozen at -32 °C. Afterwards, they
were stored at -80 °C in the laboratory prior to the analysis.
Bees were screened for presence of seven virus, mites (Varroa
destructor), bacteria (Melisococcus plutonius and Paenibacillus
larvae), fungi (Nosema spp. and Ascosphaera apis), and protists
(Malpighamoeba mellificae, Apicystis bombi, Nephridiophaga
sp.) all of them already known to be present in the country
(Ringuelet, 1947; Cantwell, 1970; Rossi & Carranza, 1980;
Alippi, 1992a; Undeen & Vavra, 1997; Plischuk & Lange,
2010; 2011; Plischuk et al., 2011; Reynaldi et al., 2010; 2011).
Bee maternal lineages were also analyzed.

The virus detection was performed according to Sguazza
et al. (2013) with modifications. Ten honeybees from each
sample were homogenated in a stomacher with 2 ml of
sterile PBS (free of nucleases), followed by extraction and
purification of viral RNA with TriZol® Reagent (Thermo
Fisher Scientific) according to the manufacturer protocol.
Subsequently, reverse transcription of the RNA was made
using reverse transcriptase (MML-V) and random primers, in
order to synthesize the complementary DNA. Then, a multiple
PCR reaction was performed using specific primers for seven
bee virus ABPV (Acute Bee Paralysis Virus), BQCV (Black
Queen Cell Virus), CBPV (Chronic Bee Paralysis Virus),
DWYV (Deformed Wing Virus), KBV (Kashmir Bee Virus),
SBV (Sacbrood Virus) and IAPV (Israeli Acute Paralysis
Virus) (Table 1). The results were analyzed in a 2% agarose
gel electrophoresis stained with ethidium bromide.

Both detection and quantification of V. destructor were
performed according to the validated World Organization

Table 1. Analyses of A. mellifera from General Alvear, Buenos Aires, Argentina: Primers used for pathogens and maternal lineages detection.
[ABPV = Acute Bee Paralysis Virus; BQCV = Black Queen Cell Virus; CBPV = Chronic Bee Paralysis Virus; DWV = Deformed Wing Virus;
1IAPV = Israeli Acute Paralysis Virus; KBV = Kashmir Bee Virus; M. plutonius = Melissococcus plutonius; N. apis = Nosema apis; N. ceranae =
Nosema ceranae; P. larvae = Paenibacillus larvae; SBV = Sacbrood Virus].

Primer Virus Nucleotide sequence (5’-3”) Product length (bp) Reference
AIVTE GGTGCCCTATTTAGGGTGAGGA Sguazza et al.
IAPV 158
IAPVr GGGAGTATTGCTTTCTTGTTGTG (2013)
DWVf TGGTCAATTACAAGCTACTTGG Sguazza et al.
DWV 269
DWVr TAGTTGGACCAGTAGCACTCAT (2013)
SBVf CGTAATTGCGGAGTGGAAAGATT Sguazza et al.
SBV 342
SBVr AGATTCCTTCGAGGGTACCTCATC (2013)
AIVTE GGTGCCCTATTTAGGGTGAGGA Sguazza et al.
ABPV 460
ABPVr ACTACAGAAGGCAATGTCCAAGA (2013)
BQCVf CTTTATCGAGGAGGAGTTCGAGT Sguazza et al.
BQCV 536
BQCVr GCAATAGATAAAGTGAGCCCTCC (2013)
CBPVf AACCTGCCTCAACACAGGCAAC Sguazza et al.
CBPV 774
CBPVr ACATCTCTTCTTCGGTGTCAGCC (2013)
Primer Bacteria Nucleotide sequences (5°-3”) Product length (bp) Reference
MeliFOR GTTAAAAGGCGCTTTCGGGT Garrido Bailén et
. M. plutonius 281
MeliREV GAGGAAAACAGTTACTCTTTCCCCTA al. (2013)
Primer 1 AAGTCGAGCGGACCTTGTGTTTC
i P larvae 973 Govan et al. (1999)
Primer 2 TCTATCTCAAAACCGGTCAGAGG
Primer Fungi Nucleotide sequence (5’-3”) Product length (bp) Reference
AscosFOR TGTGTCTGTGCGGCTAGGTG Garrido Bailén et
A. apis 136
AscosREV GCTAGCCAGGGGGGAACTAA al. (2013)
N. ceranae Sense CGGATAAAAGAGTCCGTTACC
] N. ceranae 250 Chen et al. (2009)
N. ceranae antisense TGAGCAGGGTTCTAGGGAT
N. apis Sense ) CCATTGCCGGATAAGAGAGT
. N. apis 269 Chen et al. (2009)
N. apis antisense CCACCAAAAACTCCCAAGAG
Primer Maternal Lineage Nucleotide sequence (5’-3”) Product length (bp) Reference
Cytb f TATGTACTACCATGAGGACAAATATC Crozier et al.
Cytochrome b 485

Cytbr

ATTACACCTCCTAATTTATTAGGAAT

(1991)
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for Animal Health method (World Organization for Animal
Health [OIE], 2008) with modifications. Briefly, three hundred
bees per hive were treated with surfactants to allow separation
from mites. Then a double sieve was used, the upper one
retained the bees and the lower one the mites. Mites were
counted and the percentage of infection was estimated by
multiplying by 100 the number of mites per bee (number of
mites/number of bees) in each sample.

The detection of M. plutonius, P. larvae and A. apis
was carried out by the homogenization and subsequent DNA
extraction of ten individuals per sample with DNAzol®
Reagent (Thermo Fisher Scientific). Subsequently, multiple
PCR amplification was performed following Garrido-Bailon
etal. (2013) (Table 1).

The presence of Nosema spp. as well as protists was
determined by individual homogenization in 1 ml of bidistilled
water and observation of a drop in a phase contrast microscope
(x400; x1000). For prevalence estimation, 100 individuals
per sample were scrutinized. Each positive homogenate was
filtered and infective stages were quantified using an Improved
Neubauer chamber (Cantwell, 1970). A PCR analysis was
performed according to Chen et al. (2009) in order to determine
the infective species of Nosema spp. (Table 1).

The determination of maternal lineages was performed
from total DNA extraction. The DNA was extracted from the
thorax of one individual per sample using DNAzol® Reagent
(Thermo Fisher Scientific). PCR-RFLP technique was carried
out to discriminate introgression of African genes in the
samples (Pinto et al., 2003, with modifications) (Table 1). The
variation in the 485 base pair fragment restriction patterns
was obtained and analyzed in 1% agarose gel electrophoresis
stained with GelRed™ (Biotium).

Results

The results of the detection of honey bee diseases
and the genetic determination of maternal lineages are
shown in Table 2. Samples have exhibited the presence of
virus in three of the ten hives studied, five hives presented
variable percentages of V. destructor, and in three hives
(one of each apiary) bees with low spore loads (<10,000
spores/bee) of Nosema spp. were detected. All of them were
determined as Nosema ceranae. None of the hives exhibited
the presence of M. plutonius, P. larvae, A. apis, or any
protist. All the individuals analyzed belonged to European
maternal lineages.

Table 2. Analyses of A. mellifera from General Alvear, Buenos Aires, Argentina: Presence of pathogens and maternal lineage determination.
Results are expressed as (+) for those pathogens present in the sample and (-) for those that did not exhibit presence. Maternal lineage is
indicated with (x). [4. bombi = Apicystis bombi; ABPV = Acute Bee Paralysis Virus; BQCV = Black Queen Cell Virus; CBPV = Chronic
Bee Paralysis Virus; DWV = Deformed Wing Virus; 1APV = Israeli Acute Paralysis Virus; KBV = Kashmir Bee Virus; M. mellificae =
Malpighamoeba mellificae; M. plutonius = Melissococcus plutonius; N. apis = Nosema apis; N. ceranae = Nosema ceranae; P. larvae =
Paenibacillus larvae; SBV = Sacbrood Virus; V. destructor = Varroa destructor).
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&
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Discussion

Interactions between multiple drivers or risk factors
could be the most probable explanation for elevated mortality
rates in honey bee colonies (Potts et al., 2010; Meana et al.,
2017), but the reasons that trigger CCD are still in debate
(Stockstad, 2007; Williams et al., 2010;Stavely et al., 2014).
Several factors have been proposed as possible causes of
massive losses related to CCD. Some hypotheses suggested
that pathogens like N. ceranae, V. destructor, bacteria, and
several viruses could be responsible of these losses (Cox-
Foster et al., 2007; McMenamin & Genersch, 2015; Brutscher
etal.,2016; Meana et al., 2017), as well as pesticides (Chauzat
et al., 2006). Unfavorable weather conditions and consequent
lack of available food, large-scale transhumance practices,
nutrition, genetic, or even a combination of several factors
are considered some of other potential drivers (Stokstad,
2007; vanEngelsdorp et al., 2009; Ellis et al., 2010; Potts et
al., 2010; Ratnieks & Carreck, 2010; Huang, 2012; Francis
et al.,, 2014; Watson & Stallins, 2016; Maggi et al., 2016;
Richardson, 2017). Moreover since both honey bee host and
pathogens (if involved) are genetically diverse, symptoms and
causes of colony losses may well change in different regions
(Neumann & Carreck, 2010). On the other hand, some authors
proposed that extensive colony losses are not unusual and
have occurred repeatedly over decades and regions (Oldroyd,
2007; Ratnieks & Carreck, 2010).

The loss of colonies is well documented in the
northern hemisphere (Oldroyd, 2007, vanEngelsdorp et al.,
2009; 2017; vanEngelsdorp & Meixner, 2010; Neumann &
Carreck, 2010; Ellis et al., 2010; Dainat et al., 2012; Meana
et al., 2017) but case studies in the southern hemisphere are
almost nonexistent. According to Antinez et al. (2017) 28%
of annual losses were estimated in Uruguay. In Argentina,
even though there are no documented cases, several records
of beekeepers suggest a 30% of losses in the last years (Maggi
et al., 2014). Particularly in Buenos Aires province, a survey
over 200.000 colonies showed that 54% of producers had less
than 10% of dead hives, 33% between 10-20%, and 13% more
than 20% (Reynaldi & Guardia Lopez, 2011). This scenario
seems to alert about the need of document these cases and to
find out the possible mortality causes as well as to compare
regional cases with others worldwide.

In this study, seven out of ten colonies harbored
different pathogens. Three of them presented coinfections
between virus—fungi, mites—virus—fungi, and virus-mites.
However, pathogens varied between hives and, at the
same time, the coinfections did not occur among the same
pathogens. Even though other studies support the hypothesis
of pathogens as the main cause of losses (Cox-Foster et al.,
2007; McMenamin & Genersch, 2015; Meana et al., 2017),
our results suggest that their presence could not explain the
losses by themselves. Not only because there was not a high
prevalence of any pathogen, but also because the identity and

coinfections were not repeated between hives. Regarding a
possible effect of agrochemicals, the studied apiaries were
sited 20-30 km away from General Alvear city and no
extensive crop cultivation exist in these area, making unlikely
the situation of intoxication or weakening by agrochemicals.

Until now there is no single documented cause for CCD
in Argentina. Instead, many causes arise from the hypothesis
that this is a multifactorial complex syndrome. Reframing
discussions in a pluralistic way is needed, but reductionism
should not be rejected outright (Watson & Stallins, 2016).
A clearer separation that delineates the boundaries between
the different cases of bee mortality is necessary to make
estimations and comparisons between them and to be able to
define CCD causes.

Aknowledgements

CONICET Grant (PIP) 0726 (2015-2017) and FONCYT
Grant PICT 2016-0289.

Author’s Contribution

ML Genchi Garcia, FJ Reynaldi and S Plischuk
conceived the study, analyzed the samples and wrote the
manuscript; CM Bravi contributed to genetic analysis and
revised the final version of the manuscript.

References

Alippi, A.M. (1992a). Characterization of Bacillus larvae
White the causative agent of AFB of honey bees. First
record of its occurrence in Argentina. Revista Argentina de
Microbiologia, 24: 67-72.

Antinez, K., Invernizzi, C., Mendoza, Y., vanEngelsdorp,
D. & Zunino, P. (2017). Honeybee colony losses in Uruguay
during 2013-2014. Apidologie, 48: 364-370. doi: 10.1007/
$13592-016-0482-2

Brutscher, L.M., McMenamin, A.J. & Flenniken, M.L. (2016).
The Buzz about honey bee viruses. PLoS Pathogens, 12:
e1005757. doi: 10.1371/journal.ppat.1005757

Cantwell, G.E. (1970). Standard methods for counting Nosema
spores. American Bee Journal, 110: 222-223.

Chauzat, M.P., Faucon, J.P., Martel, A.C.,Lachaize, J., Cougoule,
N. & Aubert, M. (2006). A survey of pesticides residues in
pollen loads collected by honey bees in France.Journal of
Economic Entomology, 99: 253-262. doi: 10. 1603/0022-
0493-99.2.253

Chen, Y., Evans, J.D., Zhou, L., Boncristiani, H., Kimura, K.,
Xiao, T., Litkowski, A.M. & Pettis, J.S. (2009). Asymmetrical
coexistence of Nosema ceranae and Nosema apis in honey
bees. Journal of Invertebrate Pathology, 101: 204-209. doi:
10.1016/j.jip.2009.05.012



Sociobiology 66(1): 75-80 (March, 2019)

79

Cox-Foster, D.L.,Conlan, S., Holmes, E.C., Palacios, G.,
Evans, J.D., Moran, N.A., Quan, P.L., Briese, T., Hornig, M.,
Geiser, D.M., Martinson, V., vanEngelsdorp, D., Kalkstein,
A.L.,Drysdale, A., Hui, J., Zhai, J., Cui, L., Hutchison, S.K.,
Simons, J.F., Egholm, M., Pettis, J.S.&Lipkin, W.I.(2007). A
metagenomic survey of microbes in honey bee Colony Collapse
Disorder. Science, 318, 283. doi: 10.1126/science.1146498

Crozier, Y.C., Koullianos, S.& Crozier, R.H. (1991). An
improved test for Africanized honeybee mitochondrial DNA.
Experientia, 47: 968-969.

Dainat, B., van Engelsdorp, D. & Neumann, P. (2012). Colony
Collapse disorder in Europe. Environmental Microbiology
Reports, 4(1), 123-125. doi: 10.1111/5.1758-2229.2011.00312.x

Ellis, J.D., Evans, J.D. & Pettis, J. (2010). Colony losses,
managed colony population decline, and Colony Collapse
Disorder in the United States. Journal of Apicultural Research,
49:1, 134-136. doi: 10.3896/IBRA.1.49.1.30

Farooqui, T. (2013). A potential link among biogenic amines-
based pesticides, learning and memory,and colony collapse
disorder: A unique hypothesis. Neurochemistry International,
62: 122-136. doi: 10.1016/j.neuint.2012.09.020

Francis, R M., Amiri, E., Meixner, M.D., Kryger, P., Gajda, A.,
Andonov, S., Uzunov, A., Topolska, G., Charistos, L., Costa,
C., Berg, S., Bienkowska, M., Bouga, M., Biichler, R., Dyrba,
W., Hatjina, F., Ivanova, E., Kezic, N., Korpela, S., Le Conte,
Y., Panasiuk, B., Pechhacker, H., Tsoktouridis, G. & Wilde,
J. (2014). Effect of genotype and environment on parasite and
pathogen levels in one apiary —a case study. Journal of Apicultural
Research, 53:2, 230-232. doi: 10.3896/IBRA.1.53.2.14

Garrido-Bailon, E., Higes, M., Martinez-Salvador, A., Antinez,
K., Botias, C., Meana, A., Prieto, L. & Martin-Hernandez,
R. (2013). The prevalence of the honeybee brood pathogens
Ascosphaeraapis, Paenibacillus larvae and Melissococcus
plutonius in Spanish apiaries determined with a new multiplex
PCR assay. Microbial Biotechnology, 6(6): 731-739. doi:
10.1111/1751-7915.12070

Govan, V.A., Allsopp, M.H., & Davison, S. (1999) A PCR
detection method for rapid identification of Paenibacillus
larvae. Appl Environ Microbiol, 65: 2243-2245.

Huang, Z. (2012). Pollen nutrition affects honey bee stress
resistance. Terrestrial Arthropod Review 5(5), p. 175-189.
doi: 10.1163/187498312X639568

Maggi, M.D., Ruffinengo, S.R., Negri, P., Brasesco, C., Medici,
S., Quintana, S., Szawarski, N., Gimenez Martinez, P., De
piano, F., Revainera, P., Mitton, G. & Eguaras, M.J. (2014).
The status of honeybee health and colony losses in Argentina.
In: Honeybee ISBN: 978-1-62948-660-4.

Maggi, M., Antunez, K., Invernizzi, C., Aldea, P., Vargas, M.,
Negri, P., Brasesco, C., De Jong, D., Message, D., Teixeira,
E.W., Principal, J., Barrios, C., Ruffinengo, S., Rodriguez Da

Silva, R. & Eguaras, M. (2016). Honeybee health in South
America. Apidologie. doi: 10.1007/s13592-016-0445-7

McMenamin, A.J. & Genersch, E. (2015). Honey bee colony
losses and associated viruses. Current Opinion in Insect
Science, 8: 121-129. do0i:10.1016/j.c0is.2015.01.015

Meana, A., Llorens-Picher, M., Euba, A., Bernal, J.L., Bernal,
J., Garcia-Chao, M., Dagnac, T., Castro-Hermida, J.A., Gonzalez-
Porto, A.V., Higes, M. & Martin-Hernandez, R. (2017). Risk
factors associated with honey bee colony loss in apiaries in
Galicia, NW Spain. Spanish Journal of Agricultural Research,
15 (1): e0501. doi: 10.5424/sjar/2017151-9652

Neumann, P. & Carreck, N.L. (2010). Honey bee colony
losses. Journal of Apicultural Research, 49:1, 1-6. doi: 10.3896/
IBRA.1.49.1.01

Oldroyd, B.P. (2007). What's killing american honey bees?.
PLoS Biology, 5(6): 168. doi: 10.1371/journal.pbio.0050168

Pinto, A.M., Johnston, J.S., Rubink, W.L., Coulson, R.N., Patton,
J.C. & Sheppard, W.S. (2003). Identification of Africanized
honey bee (Hymenoptera: Apidae) mitochondrial DNA:
Validation of a Rapid Polymerase Chain Reaction-Based Assay.
Annals of the Entomological Society of America, 679-684. doi:
10.1603/0013-8746(2003)096[0679:10AHBH]2.0.CO;2

Plischuk, S. & Lange, C.E. (2010). Deteccion de Malpighamoeba
mellificae (Protista: Amoebozoa) en Apis mellifera (Hymenoptera:
Apidae) de Argentina. Revista de la Sociedad Entomologica
Argentina, 69 (3-4): 299-303.

Plischuk, S. & Lange, C.E. (2011). Registro de Nephridiophaga
sp. (Protista: Nephridiophagidae) en Apis mellifera (Hymenoptera:
Apidae) del Sur de la region Pampeana. Revista de la Sociedad
Entomoldgica Argentina, 70 (3-4): 357-361.

Plischuk, S., Meeus, 1., Smagghe, G. & Lange, C.E. (2011).
Apicystis bombi (Apicomplexa: Neogregarinorida) parasitizing
Apis mellifera and Bombus terrestris (Hymenoptera: Apidae)
in Argentina. Environmental Microbiology Reports, 3 (5):
565-568. doi: 10.1111/j.1758-2229.2011.00261.x

Potts, S.G., Biesmeijer, J.C., Kremen, C., Neumann, P.,
Schweiger, O. & Kunin, W.E. (2010). Global pollinator
declines: trends, impacts and drivers. Trends in Ecology and
Evolution, 25(6): 345-53. doi: 10.1016/j.tree.2010.01.007

Ratnieks, F.L.W. & Carreck, N.L. (2010). Clarity on honey bee
collapse?. Science, 327: 152-153. doi: 10.1126/science.1185563

Reynaldi, F.J., Sguazza, G.H., Pecoraro, M.R., Tizzano, M. A.
& Galosi, C.M. (2010). Firstreport of viral infections that
affect Argentinean honey bee. Environmental Microbiology
Reports, 2: 749-751. doi: 10.1111/j.1758-2229.2010.00173.x

Reynaldi, F.J., Sguazza, G.H., Tizzano, M.A., Fuentealba,
N.A., Galosi, C.M. & Pecoraro, M.R. (2011). First report
of Israeli acute paralysis virus in asymptomatic hives of
Argentina. Revista Argentina de Microbiologia, 43: 84-86.



80

MLG Garcia, S Plischuk, CM Bravi, FJ Reynaldi — Colony Losses In Argentina

Reynaldi, F.J. & Guardia Lopez, A.R. (2011). Programa de
zonificaciéon y promocion del sector apicola en la Provincia

de Buenos Aires. Consejo Federal de Inversiones (CFI). Exp
n°® 11371.

Richardson, L.A. (2017). A swarm of beeresearch. PLoS
Biology, 15: €2001736. doi: 10.1371/journal.pbio.2001736

Ringuelet, R.A. (1947). Difusion de las enfermedades parasitarias
de las abejas en la Argentina y las medidas para combatirlas.
Ministerio de Agricultura de la Nacion. Arg. Publ. Misc. N°
261. 15 pp.

Rossi, C. & Carranza, M.R. (1980). Momificacion de larvas
(Apis mellifera L.) provocada por Ascosphaera apis. Revista
de la Facultad de Agronomia, 56: 11-5.

Sguazza, G.H., Reynaldi, F.J., Galosi, C.M. & Pecoraro, M.R.
(2013). Simultaneous detection of bee viruses by multiplex
PCR. Journal of Virological Methods, 194(1-2). doi: 10.1016/j.
jviromet.2013.08.003

Simon-Delso, N., San Martin, G., Bruneau, E., Minsart, L.A.,
Mouret, C. & Hautier, L. (2014). Honeybee colony disorder
in crop areas: The role of pesticides and viruses. PLoS ONE,
9:e103073. doi: 10.1371/journal.pone.0103073

Stavely, J.P., Law, S.A., Fairbrother, A. & Menzie, C.A. (2014).
A causal analysis of observed declines in managed honey bees
(Apis mellifera). Human and Ecological Risk Assessment, 20:
566—591. doi: 10.1080/10807039.2013.831263

Stockstad, E. (2007). The case of the empty hives. Science
316 (5827): 970-972. doi: 10.1126/science.316.5827.970

Undeen, H.H. & Vavra, J. (1997). Research methods for
entomopathogenic Protozoa. In: L. Lacey (Ed.). Manual of

techniques in insect pathology. Academic Press, San Diego.
pp: 117-151.

vanEngelsdorp, D., Evans, J.D., Saegerman, C., Mullin, C.,
Haubruge, E., Nguyen, B.K., Frazier, M., Frazier, J., Cox-
Foster, D., Chen, Y., Underwood, R., Tarpy, D.R.& Pettis, J.S.
(2009). Colony Collapse Disorder: A descriptive study. PLoS
ONE, 4: ¢6481. doi: 10.1371/journal.pone.0006481

vanEngelsdorp, D. & Meixner, M.D. (2010). A historical
review of managed honey bee populations in Europe and
the United States and the factors that may affect them.
Journal of Invertebrate Pathology, 103: S80-S95. doi: 10.1016/j.
jip-2009.06.011

vanEngelsdorp, D., Traynor, K.S., Andree, M., Lichtenberg,
E.M.,, Chen, Y., Saecgerman, C. & Cox-Foster, D.L. (2017).
Colony Collapse Disorder (CCD) and bee age impact honey
bee pathophysiology. PLoS ONE, 12: ¢0179535. doi: 10.
1371/journal.pone.0179535

Watson, K. & Stallins, A.J. (2016). Honey bee and Colony
Collapse Disorder: A pluralistic reframing. Geography Compass,
10: 222-236. doi: 10.1111/gec3.12266

Williams, G.R., Tarpy, D.R., vanEngelsdorp, D., Chauzat,
M.P., Cox-Foster, D.L., Delaplane, K.S., Neumann, P., Pettis,
J.S., Rogers, R.E.L. & Shutler, D. (2010). Colony Collapse
Disorder in context. Bioessays, 32: 845-846. doi: 10.1002/
bies.201000075

World Organisation for Animal Health. (2008). Varroosis on
honey bee (Infestation of honey bees with Varroa spp). Chapter
2.2.7. In OIE terrestrial Manual. http://www.oie.int/fileadmin/
Home/eng/Health standards/tahm/2.02.07_VARROOSIS.pdf




